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PROPHYLAXIS  OF  MALARIA  IN  INDIA. 


SHORT  HISTOEY  OF  MALARIA. 

Meaning  of  term  Malaria. — The  term  Malaria  (It.  wiaia  bad, 
aria  air)  was  first  applied  to  a  group  of  fevers  having  certain  special 
characteristics  about  the  year  1712.  The  term  is  unfortunate  and  etio- 
logically  incorrect,  as  at  the  time  of  its  introduction  it  was  believed 
that  miasmata  gave  rise  to  malarial  diseases  of  all  kinds ;  and  though  it 
perpetuates  an  obsolete  view,  we  are  obliged  from  its  antiquity  to  retain 
it.  It  has  been  ineradicably  established  in  our  terminology  and 
its  meaning  is  universally  understood.  The  term  is  also  applied  to 
the  special  causes  of  malarial  diseases,  and  to  the  combination  of 
conditions  that  are  required  to  bring  those  causes  into  operation. 

Three  chief  discoveries  in  connection  with  malaria.— In  the 

history  of  our  knowledge  of  malaria  there  have  been  three  dominating 
discoveries  : — 

(1)  The  discovery  of  the  specific  action  of  cinchona  bark  on  mala- 
rial fevers,  which  goes  back  to  the  17th  century. 

(2)  The  discovery  of  malarial  parasites  in  the  blood  by  Lavkran  in 
November,  1880. 

(3)  The  discovery  by  Ronald  Eoss  that  malarial  parasites  are 
carried  from  man  to  man  by  mosquitoes. 

Discovery  of  cinchona  bark.— Cinchona  bark  was  introduced 
from  Peru  into  Spain  by  the  Viceroy  del  Cinchon  and  his  physician 
Juan  del  Vego  in  1640. 

Anterior  to  the  discovery  of  cinchona  bark  and  its  use  in  the 
treatment  of  fevers,  malarial  and  other  fevers  were  mixed  up  in  the 
most  confused  way. 

This  first  period  in  the  history  embraces  (a)  recognition  of  the 
action  of  cinchona  bark  in  malarial  fevers,  and  (6)  the  therapeutical 
specific  division  of  fevers  into  the  two  classes— those  that  are  curable  by 
it  and  those  that  are  not.  In  this  latter  work  we  are  specially 
indebted  to  Morton,  Torti  and  Sydenham. 

On  this  foundation  Torti  wrote  his  classic  account  of  malarial 
diseases.  Clinically  his  descriptions  excelled  those  of  all  previous 
writers,  and  remain  up  to  the  present  a  monumental  record  of  his 
clinical  and  scientific  acumen. 
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The  abstraction  of  quinine  from  cinchona  bark  by  the  two  chemists 
Caventou  and  Pellitier  in  1820  marked  another  phase  in  the  history 
of  anti-malarial  therapeutics. 

The  relationship  of  malarial  diseases  to  the  level  of  the  subsoil 
ground  water,  and  to  meteorological  and  climatic  conditions,  was  forcibly 
brought  to  notice  by  Lancisi,  who  also  attempted  to  prove  the  connection 
of  malaria  with  marshes  experimentally.  He  remarks  on  the  dark 
colour  of  the  liver  in  fatal  cases  of  malaria. 

The  rapid  colonial  expansion  of  European  nations  in  the  18th  cen- 
tury demonstrated  the  widespread  geographical  distribution  of  malarial 
fevers. 

Discovery  of  malarial  parasites  by  Lavekan.— The  second 
real  epoch  in  the  history  of  malaria  was  the  discovery  by  Laveran  of 
protozoal  organisms  in  fresh  blood  in  cases  of  malarial  fever  in  Algeria  in 
November,  1880. 

Laveran  began  his  inquiry  by  investigating  the  formation  of 
pigment  which  occurs  in  malaria.  He  examined  the  blood  of  patients 
suffering  from  malaria  and  completed  these  observations  in  the  dead 
body.  He  recognised  that  there  were  other  pigment-containing  bodies 
in  malaria  besides  leucocytes,  and  first  conjectured,  and  subsequently 
proved,  that  these  bodies  were  the  parasites  of  malaria. 

GoLGl  in  1885  confirmed  Laveran's  work  and  added  largely  to 
our  knowledge  of  malaria.  He  formulated  a  series  of  laws  which  may 
be  looked  upon  as  classical.    These  are — 

(1)  That  malarial  parasites  multiply  in  the  blood  by  simultaneous 
sporulation. 

(2)  That  the  fever  begins  when  the  spores  .are  liberated.  [Fever 
ceases  when  all  the  spores  have  got  into  red  cells.] 

(3)  That  there  are  different  varieties  of  malarial  parasites. 

He  showed  that  the  cycle  of  quartan  was  72  hours,  of  simple  ter- 
tian 48  hours.  He  had  heard  of  "  crescents  "  but  had  not  seen  tbem,  and 
inferred  that  they  were  connected  with  a  different  variety  of  fever. 

(4)  That  there  are  individual  parasites  in  the  blood  which  do  not 
produce  spores.    These  are  now  known  to  be  gametocytes. 

Shortly  afterwards,  Marchiafava,  Celli,  and  Bignami,  worked  at 
the  estivo-autumnal  fevers  of  Italy.  They  demonstrated  the  character- 
istics of  the  malignant  tertian  parasite,  and  showed  that  the  sporulating 
forms  are  seldom  found  in  the  peripheral  blood. 
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Discovery  of  the  mosquito  cycle  of  malaria  by  Ronald  Ross.— 
The  real  epoch-making  step  towards  a  scientific  elucidation  of 
the  epidemiology  of  the  malaria  is  due  to  Major  Ronald  Ross,  I.M.S,, 
who  demonstrated  the  development  of  the  sexual  forms  of  malarial 
parasites  in  the  stomach  and  body-cavity  of  the  mosquito.  This  was 
suggested  by  epidemiological  facts  and  certain  phases  in  the  history  of 
the  parasite  indicating  the  necessity  for  alternation  of  generations, 
together  with  a  change  of  host,  as  in  other  blood  parasites  of  animals. 

The  forerunner  of  this  theory  was  the  finding  of  the  Microfilaria 
bancrofti  in  the  urine  of  man  by  T.  R.  Lewis  in  Calcutta  in  1872, 
who  afterwards  found  it  in  the  blood  of  man.  In  1884,  Sir  Patkick 
Manson  traced  the  earlier  stages  of  the  development  of  the  Microfilaria 
bancrofti  to  its  parental  form  in  the  thoracic  muscles  of  a  variety  of 
Culex.  In  regard  to  malaria  Manson  argued  that  mosquitoes  rescue 
the  parasites  from  the  human  blood  vessels  by  sucking  them  out,  and 
so  offer  them  an  opportunity  for  further  development  within  their  bodies. 
The  manner  in  which  this  view,  in  a  modified  way,  has  been  proved  is 
dealt  with  later  on. 

Ronald  Ross'  work  in  connection  with  the  manner  in  which  the 
parasite  of  malaria  was  conveyed  from  man  to  man  by  mosquitoes  will 
continue  for  all  time  to  be  one  of  the  finest  examples  of  scientific 
industry  ever  carried  out  in  the  hot  climate  of  India. 

A  further  advance  was  made  by  MacaLLUM  in  1897,  who  found 
that  the  full  grown  extra-corpuscular  H alter idium,  one  of  the  avian  mala- 
rial parasites,  consisted  of  two  forms,  one  which  flagellated,  and  the  other 
which  did  not.  He  found  that  the  flagella,  breaking  away  from  the 
flagellated  form,  penetrated  the  non-flagellated  organism,  and  after 
penetration,  a  motile  body  resulted  which  moved  about  among  the  blood 
cells.  He  saw  the  same  phenomenon  in  connection  with  the  sexual 
forms  of  the  malignant  tertian  parasite. 

Until  about  '60  years  ago  the  cause  of  malaria  in  man  was 
unknown,  and  up  to  12  years  ago  the  manner  in  which  diseases 
associated  with  malaria  were  introduced  into  the  human  body  was  not 
ascertained.  Investigations  connected  with  the  habits  of  mosquitoes 
and  the  methods  of  prophylaxis  are  continually  being  extended. 

Malarial  fevers,  their  nature  and  prophylaxis.— We  now  know 
definitely  that  malarial  fevers  are  due  to  a  class  of  protozoal  organisms 
invading  the  red  blood  cells,  destroying  a  large  number  of  these  cells 
during  each  attack  of  fever,  and  finding  their  way  to  certain  tissues  and 
organs  of  the  body ;  that  the  products  of  these  parasites  give  rise  to  the 
pathological  and  clinical  sequence  met  with  in  all  malarial  fevers  that 
may  last  indefinitely  long ;  that  this  protozoon  is  introduced  into  the 
human  b  ood  by  certain  species  of  anophelines  ;  that  these  mosquitoes 
acquire  their  mfectivity  from  the  blood  of  persons  already  the  victims 
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of  malarial  infection  ;  that  quinine  has  the  power  of  preventing  the 
further  development  in  the  blood  of  the  spores  set  free  from  the  red 
blood  cells  during  the  first  part  of  each  attack  of  fever  ;  and  that  if  given 
before  a  sufficient  number  of  parasites  are  in  the  blood  to  create  fever, 
quinine  will,  in  the  vast  majority  of  cases,  prevent  such  fever  altogether ; 
and  lastly,  that  by  reducing  the  number  of  anophelines  in  malarious 
localities,  we  lessen  the  chances  of  their  disseminating  malarial  infection 
in  man. 


PART  I  — EPIDEMIOLOGY. 


INTRODUCTION. 

Economic  importance  of  the  malaria  problem.— The  prophylaxis 
of  malaria  is  probably  one  of  the  most  important  economic  and 
industrial  problems  of  India.  From  the  vastness  of  the  subject 
and  the  numerous  complex  factors  associated  with  the  epidemiology  of 
malaria  in  this  country,  the  difficulties  to  be  encountered  in  its  solution 
are  overwhelming. 

Instances  of  successful  localised  anti-malarial  campaigns.— 

Given  a.  Limited  endemic  malarial  area  to  deal  with  and  unlimited 
funds,  any  experienced  malariologist  could  formulate  a  scheme  for  the 
reduction,  and,  in  many  places,  the  eradication  of  malaria  in  this  country. 

Panama  Canal  Zone. — We  know  that  malaria  and  mosquitoes 
have  been  to  a  large  extent  eradicated  from  the  Panama  Canal  Zone, 
Ishmalia,  Klang  and  Port  Sweatenham,  and  other  localised  places,  and 
it  has  been  argued  that  the  measures  employed  in  these  localities  are 
more  or  less  applicable  to  India,  and  there  is  no  doubt  that  were 
such  measures,  or  some  modification  of  them,  universally  brought  into 
operation  in  this  country,  a  very  considerable  reduction  of  malaria, 
and  an  appreciable  reduction  of  anophelines  would  be  effected. 
Whilst  one  recognises  this  and  feels  that  every  possible  endeavour 
should  be  made  to  effect  a  diminution  of  the  endemicity  of  malaria  in 
India,  one  has  to  face  the  further  fact  that  the  reduction  of  malaria  in 
an  area  of,  say,  five  hundred  square  miles,  is  a  very  different  matter  to 
that  of  such  reduction  in  the  whole  of  the  Indian  Empire,  which  extends 
over  an  area  of  1,870,000  odd  miles.  Let  us  take  the  Panama  Canal 
Zone  and  inquire  whether  what  has  been  done  there  is  reasonably 
possible  in  any  single  endemic  malaria  district  of,  say,  50,000  square 
miles  in  area,  in  India. 

In  the  Panama  Canal  Zone  the  anti-mosquito  work  of  the  Sanitary 
Department  is  considered  to  be  of  the  greatest  significance  and  is 
earned  on  universally  over  the  whole  zone  area.  The  real  canal 
zone  IS  about  50  miles  long  and  10  broad.  It  includes,  as  far  as  sanita- 
tion is  concerned,  the  cities  of  Panama  and  Colon.  The  zone  population 
IS  about  100,000,  which  includes  .^3,000  in  Panama,  14,000  in  Colon, 
and  52,000  m  the  zone  itself.  In  the  zone  there  are  a  number  of  small 
towns  and  villages,  with  several  native  towns  and  camps  for  the  execu- 
tive and  labouring  staff  between  them,  all  of  which  lie  along  the  line 
ot  the  Panama  railroad.  Anti-mosquito  work  is  carried  on  through- 
out the  area  covered  by  these  towns  and  settlements. 


6 


The  Sanitary  Department  has,  aside  from  its  office  force,  30  Sanitary 
Inspectors,  and  employs  between  1,200  and  1,300  labourers.  With 
all  due  credit  to  the  magnificent  work  and  the  undeniably  brilliant 
results  achieved,  the  work  could  undoubtedly  be  made  more  effective 
in  some  ways  and  less  expensive  in  others  through  a  more  intimate 
knowledge  of  the  mosquitoes  concerned.  Without  entering  into  details 
it  may  be  stated  that  all  the  known  resources  of  the  anti-malarial 
sanitarian  have  been  employed.  It  is  estimated  that  the  sanitary 
works  alone,  excluding  the  upkeep  of  hospitals,  costs  about  15  lakhs 
of  rupees  a  year.* 

The  construction  of  the  Panama  Canal  has,  however,  been  rendered 
possible  by  reason  of  the  anti-malarial  measures  adopted  by  Colonel 
GoRGAS,  U.S.A.  This  was  previously  an  impossible  task  on  account 
of  the  high  mortality  from  malaria  and  yellow  fever. 

Klang  and  Port  Sweatenham. —These  are  neighbouring  settle- 
ments in  the  Federated  Malayan  States,  with  a  population  of  about 
4,000.  Anti-malarial  measures,  mostly  consisting  of  drainage,  were 
commenced  in  1900  —  02.  The  admissions  for  malarial  fever  into 
hospital  for  the  period  including  these  operations  is  shown  in  the 
following  table : — 


Years. 

1901 
1902 
1903 
1904 
1905 


Gases. 

501 
199 
69 
32 
23 


In  the  surrounding  district  the  disease  has  increased.  The  cost 
was  .£10,000  for  initial  permanent  works,  and  £400  for  annual  upkeep 
in  both  towns  combined,  and  for  them  as  for  Ishmalia,  the  medical  officer 
reports  that  malarial  fevers  have  now  practically  disappeared. 

Ishmalia. — Ishmalia  has  a  population  of  about  6,000  and  is  con- 
trolled by  the  Suez  Canal  Company.  The  malarial  cases  rose  from 
300  in  1877  to  2,250  in  1900.  A  campaign  of  drainage  and  treatment 
of  old  cases  was  commenced  in  1902,  with  the  following  results  :  — 


Years. 

1900 
1901 
1902 
1903 
1904 
1905 


Cases. 

2,250 
1,900 
1,548 
214 
97 
37 


»  Sanitan/  Regulations  in  the  Panama  Canal  Zom,  by  Mr.  August  Busch  in  the 
Journal  of  Tropical  Medicine,  August  15,  1908,  p.  252. 
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Nearly  all  the  cases  in  1905  were  cases  of  relapse  among  patients 
previously  infected.  It  cost  about  1,000  a  year.  The'areas  covered 
in  the  operations  in  this  and  in  Klang  and  Port  Sweatenham  were 
comparatively  small. 

In  all  these  instances  practically  all  the  known  anti-malarial  and 
anti -mosquito  measures  of  modern  times  were  employed.  If  we 
exclude  the  instances  of  the  barracks  of  European  Troops  in  the  Island  of 
St.  Lucia,  and  that  in  the  Island  of  Samarai  (Papua),  in  which  malaria 
was  greatly  reduced  in  the  one  case  and  eradicated  in  the  other  by 
drainage,  and  the  eradication  of  malaria  in  a  limited  area  in  German 
East  Africa  by  general  cinchonisation,  there  are  no  recent  instances  on 
record  of  success  in  which  any  one  system  of  prophylaxis  has  been 
relied  on. 

Are  such  successes  to  be  expected  in  India  ?— The  most  san- 
guine and  enthusiastic  anti-malarial  sanitarian  could  not  devise  any 
reasonable  plan  of  campaign  that  would  operate  in  the  satisfactory 
manner  it  did  in  the  places  referred  to,  over  an  area  of  If  million 
square  miles.  Under  no  circumstances  is  it  conceivable  that  the  same 
amount  of  concentrated  energy  and  capital  could  be  employed  all  over 
India.  He  might,  however,  reasonably  hope  to  devise  schemes  that 
would  considerably  reduce  malaria  in  the  more  endemic  foci  of  this 
country,  and  his  schemes  would  in  all  probability  be  proportionally  much 
less  costly,  as  labour  and  material  are  cheaper.  But  in  effecting  this 
salutary  change  in  even  comparatively  small  districts,  he  has  before  him 
an  enormous  undertaking. 

PREVALENCE  OF  MALARIA  IN  INDIA. 

Malarial  statistics  in  India.— The  first  task  before  us  in  India 
is  that  of  gauging  the  dimensions  of  the  evil  to  be  contended  with. 
Whilst  there  are  few  malarial  foci  in  India  where  malaria  attains 
the  same  degree  of  intensity  as  it  does,  say,  in  the  West  Coast  and  in 
Tropical  Africa  generally,  certain  parts  of  Southern  Italy  and  Sicily 
Greece,  etc.,  it  may  still  be  said  that  India  is  the  most  malarious 
country  in  the  world.  This  is  shown  by  actual  statistics  at  our  disposal. 

If  we  exclude  the  malarial  statistics  of  our  larger  public  hospitals 
(which  are  so  small  that  in  the  question  of  the  general  statistics  of 
malaria  in  India  they  may  be  neglected),  the  only  figures  we  can  rely 
on  are  those  published  in  the  Annual  Sanitary  Reports  of  the  Sani- 
tary Commissioner  ivith  the  Government  of  India.  From  these  we 
conclude  that  on  an  average  about  20  per  cent,  of  our  army  in  India 
suffers  from  malaria  every  year.  Our  troops  are  located  in  healthy 
barracks,  well  fed,  have  a  staff  of  medical  officers  to  attend  them,  hospi- 
tals in  which  to  be  suitably  treated  when  ill,  and,  when  necessary 
they  are  given  quinine  prophylactically, 

We  have  no  statistics  showing  the  malarial  rate  in  the  civil  popula- 
tion in  India ;  the  nearest  approach  we  have  to  it  is  the  statement 
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that  about  5,000,000  people  die  annually  from fevers  ",  of  whom  it 
has  been  roughly  estimated  that  20  to  25  per  cent,  succumb  directly  or 
indirectly  from  malaria.  If  the  malarial  fever  rate  of  the  civil  popula- 
tion is  the  same  as  that  in  the  Army  in  India,  there  would  be  at  least 
60  millions  of  cases  a  year.  The  probability  is  that  in  the  rural  popula- 
tion, poorly  housed  and  worse  fed,  the  proportion  is  much  higher,  and 
that  there  is  in  reality  something  like  80  millions  of  cases  of  malaria 
a  year  in  the  civil  population.  From  personal  experience  one  knows 
that  the  malaria  of  military  cantonments  is  always  less  than  that  of  the 
neighbouring  civil  community.  At  present,  however,  we  are  not  in  a 
position  to  estimate  within  many  millions  the  amount  of  malaria  in 
this  country.  There  is  not  a  single  endemic  malarial  district  in 
the  whole  of  India  regarding  which  we  have  even  a  rough  estimate  ot 
the  amount  of  malaria  in  existence.  Probably  about  nine-tenths  of  the 
malaria  of  India  is  found  in  the  population  of  villages.  Probably  not 
more  than  one-tenth  of  this  number  ever  get  quinine. 

The  following  tables  abstracted  from  the  Reports  of  the  Sanitary 
Gommissioner  with  the  Government  of  India  give  us  an  idea  as  to  the 
extent  to  which  malaria  is  prevalent  in  the  Indian  Army  and  m  Indian 
Jails : — 
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Incidence  of  malarial  fevers  in  European  Troops  in  1907  accord- 
ing to  stations.— Admission  rate  for  malarial  fevers  per  1,000  of  strength 
amongst  European  Troops  in  the  more  important  stations  during  the 
year  1907:— 


Stations. 


Port  Blair 

Rangoon 

Bharao 

Fort  William 

Barrackpore 

Benares 

Allahabad 

Lucknow 

Cawnpore 

Bnreilly 

Meerut 

Delhi 

Ambala 

Jullundiir 

Ferozepore 

Amritsivr 

Lahore  Cantt. 

Port  Lahore 

Sialkote 

Rawalpindi 

Nowshera 

Peshawar 

Mnltan 

Hyderabad  (Sind) 
Karachi 

N.-W.  Frontier,  Indus  Valley  and  N.-W. 

piitana. 
Nasirabad 
Agra 
.lhansi 
Mhow 

S.  E  Rajputana,  Central  India,  Giijrat 

Saugor 

.Tubbiilpore 

Kampti 

Seciinderabad 

Bel  gaum 

I'oona 

Ahmednagar 
Deccan 

Colaba,  Bombay  City 
Madras  '  ... 

Bangalore 
Western  Coast 
Southern  India 


Ra,i 


Strength. 


13J 
I.IGO 
165 
1,.342 
2«4 
147 
978 
2,369 
986 
1,050 
1,842 
298 
2,365 
619 
887 
162 
890 
112 
1,294 
2,724 
592 
1,402 
869 
492 
1,267 
4,621 

781 
999 
958 
1.7.52 
5,730 
304 
976 
932 
3,154 
1,055 
1,901 
1.061 
10.260 
1,656 
555 
2,197 
1,372 
3,537 


Intermit- 
tent 
fever.  * 


52-2 
72-4 
381  8 
104-3 
320-4 
12-2-4 
127-7 
103-4 
50-7 
100 
260 
3591 
113-3 
101-8 
.324-7 
2.59'3 
137-1 
125 
216-4 
268-7 
631-8 
475  0 

m-i 

609-8 
275-5 
391-5 

510-9 
181-2 
366-7 
173-5 
241-7 
286-2 
161-9 
1491 
266 
70-1 
140-5 
33-9 
89-8 
227-3 
70  8 
27-8 
1888 
421 


Remittent 
fever,  f 


*  Includes  benign  tertian  and  quartan  fevers, 
t  Includes  malignant  tertian  fever. 
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Incidence  of  malarial  fevers  in  Native  Troops  in  1891—00,  1906 
and  1907,  according  to  the  twelve  geographical  regions  of  the  Indian 
Empire.— The  following  table  gives  the  geographical  distribution  of 
malaria  in  Native  Troops  in  the  12  regions  oi  the  Indian  Empire  : — 


Geographical  regions. 


Burma  Coast  and  Islands  in  Bay  of 
Bengal. 


Burma  Inland 
Assam 

Bengal  and  Orissa 


-I 


Gangetic  Plain  and  Chota  Nagpur 


Upper  Sub-Himalaya  ...  ...j 

North-West  Frontier,  Indus  Valley, 
N.-W.  Rajputana. 

South-Eastern  Rajputana,  Central 
India  and  Gujrat. 

Deccan 


Western  Coast 
Southern  India 
Hill  Stations 
Army  of  India 


Tears. 


Average 
strength 


Ratks  pkr  1,000 

OF  STIlKNOffH. 


Admis- 
sions for 
all  cau- 
ses per 
l.OUO. 


1891-00 
190G 
1907 
1891-00 
1906 
1907 
1891-00 
1906 
1907 
1891- 00 
1906 
1907 
1891-00 
1906 
1907 
1891-00 
1906 
1907 
1891-00 
1906 
1907 
1891-00 
1906 
1907 
1891-00 
1906 
1907 
1891-00 
1906 
1907 
1891-00 

li^oe 

1907 
1891-00 
1906 
1907 
1891-(0 
1906 
1907 


1,891 
1,349 
1,297 
6,083 
2,830 
2,807 
2,003 
9.54 
964 
2,'.)35 
1,816 
2,022 
6,463 
6,21 19 
5,590 
15,166 
20,842 
20,901 
15,459 
19,224 
18,024 
12,679 
13  243 
13,094 
19,504 
16,591 
16,794 
3,055 
1,783 
1  632 
8.244 
4,282 
3,880 
17,027 
22  40:'. 
22,700 
127,666 
I27,8n3 
126..392 


Admissiom  from 


Inter- 
mittent 
fever.* 


194 

485 
563 
1,165 
674 
629 
1,209 
775 
1  059 
1,120 
876 
907 
668 
504 
44t 
732  ' 
600 
582 
1,102 
938 
951 
814 
767 
636 
736 
579 
492 
714 
804 
930 
565 
605 
415 
1,075 
735 
634 
832 
684 
629 


1952 
108-2 
154-2 
576-6 
222-5 
161-0 
5121 
b02-9 
407-7 
511-2 
303-4 
4-29-3 
215-4 
140  9 
97-3 
280-8 
•2'27-7 
218-7 
507-5 
468  3 
433-3 
337-5 
355-3 
253-1 
292-6 
110  0 
78-1 
159-9 

260-  8 
249-4 
1.32-0 
166  0 

57-7 
4700 
2oo-o 
217-8 
34^-8 

261-  8 
220-5 


Remit- 
tent 
fever.f 


6-G 

0-  7 
11-6 

10-  2 

1-  1 

2-  1 

16-  5 
21 

21  8 
150 
6-1 

21-  8 
12  5 

3-  4 
33 

17-  9 

4-  8 
4-8 

22-  2 
73 
77 

11-  3 
39 

2-  6 
11-2 

3-  3 
1-1 

14  9 
1-1 

0-  6 

3-  6 

1-  6 
1  0 

246 
6-5 
59 

15-2 
.5-0 

4-  5 


»  Includes  benign  tertian  and  quartan  fevers, 
t  Includes  malignant  tertian  fever. 
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22,605 
19,525 
10,704 
19,765 
17,741 
143 
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1.830 
1,461 
1 ,297 
1,917 
1,393 
5 
3 
11 
11 
8 

2,578 
2,025 
1,725 
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6 
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13 
4 
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1,411 
i,319 
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15 
14 
8 
10 
13 
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Intermittent* ... 
Kemittentf-  ... 
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c3 

•c 
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Monthly  incidence  of  different  types  of  malarial  fever  m  Calcutta 
Bombay,  etc. — -The  following  comprehensive  and  interesting  tables  give 
the  monthly  incidence  of  the  varieties  of  malarial  fever  of  this  country  as 
seen  in  Calcutta,  Eastern  Bengal  and  Bombay.  In  Bombay  the  incid- 
ence corresponds  fairly  closely  with  that  of  Calcutta.  The  chief  dififer- 
enceis  the  larger  number  of  cases  in  the  first  half  of  the  year,  especially 
in  the  case  of  sub-tertian  infections.  This  is  explained  by  Major 
Leonakd  Rogers,  I.M  S.,*  as  due  to  there  being  a  more  uniform  tem- 
perature in  Bombay  ;  no  part  of  the  year  is  sufficiently  cold 
to  cause  au  entire  cessation  of  new  infections.  In  (^alcutta  Rogeks  has 
shown  that  in  December  there  is  a  rapid  decline  of  sub-tertian,  coinci- 
deutally  with  a  fall  in  the  minimum  air  temperature  to  60°  F.  or  below. 


*Fti:tr»  in  /he  Tropics,  ])■ 
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Much  has  yet  to  be  done  in  connection  with  the  dififerentiation 
of  non-malarial  pyrexias  of  India.  The  group  of  fevers  "  Pyrexia 
of  uncertain  origin "  having  replaced  "  feimple  continued  fevers  " 
greater  accuracy  is  expected  as  far  as  malarial  fever  is  concerned  in  the 
future.  It  is,  however,  very  important  that  tliese  fevers  of  uncertain 
origin  should  themselves  be  worked  out.  The  frank  admission  of  our 
absence  of  knowledge  regarding  the  etiological  relations  of  these 
fevers  is  a  step  in  the  right  direction.  Whilst  our  knowledge  of 
Indian  fevers  is  growing  yearly,  we  are  still  far  Irom  the  time  when 
accuracy  can  be  looked  for.  It  is  in  the  more  exact  diagnosis  of  the 
laro-e  group  of  cases  of  simple  continued  and  other  obscure  fevers, 
and  in  more  complete  inquiries  into  their  epidemiology  and 
pathology  that  our  hopes  are  fixed. 

Result  of  microscopical  examination  of  malarial  blood  in 
India.— In  the  year  19U5-6,  of  8,1U6  cases  of  malaria  among 
European  Troops  in  India  in  which  the  type  of  fever  was  diagnosed  by 
clinical  methods — 

73-37  per  cent,  were  diagnosed  as  benign  tertian. 
1-28      do.  do.  quartan. 

5-0       do.  do.  malignant  tertian. 

0-58      do.  do.  malarial  cachexia. 

19 -56      do.  do.  undifferentiated. 

Of  72  stations  in  which  the  microscope  was  used  for  2,797  cases — 
85-2  were  recognised  as  those  of  benign  tertian  parasite. 
2-5  do.  do.  do.  quartan. 

ll-'j  do.  do.  do.     malignant  tertian. 

Quartan  parasites  were  found  in  17  of  the  72  stations  ;  in  Port 
Blair,  they  were  three  times  as  prevalent  as  benign  tertian.  Again  the 
proportion  of  malignant  tertian  to  benign  tertian  was  most  marked 
in  Port  Blair,  Jacobabad,  Jubbulpore,  Kamptee  and  Allahabad.  In  Port 
Blair  and  Jacobabad  there  was  more  sub-tertian  than  benign  tertian. 
The  statistics  show  that  mixed  infection  is  by  no  means  frequent,  tor 
of  2  797  cases  diagnosed  microscopically,  only  two  cases  of  mixed  sub- 
tertian  and  benign  tertian  were  found,  and  both  these  cases  occurred 
in  Allahabad.  "  As  there  were  difficulties  in  differentiating  the  types 
of  malarial  parasite  in  some  cases  these  figures  are  only  approximate. 

Of  2  415  blood  films  with  positive  results  examined  at  the  different 
laboratories  in  1907  for  malarial  plasmodia,  there  were  78  per  cent, 
benign  tertians,  19  per  cent,  malignant  tertians,  and  12  per  cent, 
quartans. 

The  following  table  shows  to  some  extent  the  relative  numbers  of 
the  types  of  malarial  fever  amongst  European  Troops  in  1908,  in  the 
various  Divisions  of  the  Army  in  India.    The  figm-es  represent  the 

*  Seport  on  Sanitary/ Measures  in  Jndta.  1905-06,  Parliamentary  Blue-Book,  p  33- 
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blood  examinations  conducted  in  the  different  Division  Laboratories  :  — 


Division. 

Malignant 
tertinn. 

J^enign 
tertian. 

Quartan. 

Undiiferen- 
tiated. 

Total. 

198 

1,302 

2 

1,502 

2nd  f RftwalDincli ) 

23 

42 

65 

3rd  f Lahore) 

G9 

30 

1 

37* 

137 

4th  (Quetta) 

20 

155 

2 

177 

5th  (Mhow) 

881 

525 

5 

911 

6th  (Poona) 

300 

255 

7 

562 

7th  (Meerut) 

IG 

550 

4 

570 

8th  (Luckno-w) 

1 

3 

4 

9th  (Secunderabad) 

20 

69 

2 

91 

Burma 

31 

151 

I 

183 

Prevalence  of  malarial 

fevers  on 

field  service.— The 

incid- 

ence  of  malarial  fevers  in  nearly  all  our  Indian  campaigns  preponder- 
ates facile  princeps  over  ottier  diseases.  A  glance  at  the  various 
medical  statistical  tables  of  our  Indian  campaigns  shows  that  malarial 
fevers  in  every  instance  play  the  predominating  part  in  giving  rise  to 
inefficiency,  and  this  holds  good  in  both  our  European  and  Native 
Troops. 

Mortality  from  malaria  in  India.-lt  is  difficult  to  arrive 
at  a  correct  conclusion  as  to  the  mortality  from  malarial  fevers  amongst 
the  civil  population  in  India,  as  90  per  cent,  of  deaths  are  said 
to  be  due  to  fevers."  In  the  large  majority  of  these  deaths  the 
village  headman  makes  the  diagnosis.  When  a  series  of  these  mortality 
statistics  has  been  analysed,  it  will  be  found  that  a  comparatively  small 
proportion  are  actually  due  to  malarial  fevers.  Rogers  analysed  1,0(  0  such 
deaths  in  the  Dinajpur  District  in  Lower  Bengal,  and  came  to' the  con- 
clusion that  about  one-third  were  due  to  malaria  and  kala-azar.  "  Of  the 
deaths  clearly  due  to  malaria  no  less  than  three-fourths  were  in  children 
under  15  years  of  age,  and  the  great  majority  of  them  occurred  in  the  four 
last  months  of  the  year  "  This  is  the  ordinary  season  of  maximum 
malarial  incidence  all  over  India.  They  formed  15  per  cent,  of  the  whole 
In  a  further  18  per  cent,  there  was  evidence  of  cachexia,  marked  enlarc^e- 
ment  of  spleen  and  prolonged  fever,  but  it  was  impossible  to  say  how 
many  were  really  malarial. 

'  »  Small  'rings  '  which  could  not  be  differentiated  with  precision." 
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The  mortality  from  malnriix  "  is  a  mere  trifle  compared  with  the 
ravacre  fever  commits  in  sapping  the  strength  and  vigonr  of  the  pe'^p|e  j 
fever  destroys  the  life  of  the  country-the  deaths  must  be  midtiphed 
by  50  or  60  to  give  the  attacks."  *  The  late  Sir  JoskpH  Fayreh 
remarked  regarding  the  effects  of  malaria  that  "the  suns  rays,  the 
heat  and  other  ills,  pale  into  comparative  insignificance  before  its  inces- 
sant operations  against  the  health  and  lives  of  human  beings  in  tropical 
and  tropoidal  regions,  and  of  the  higher  animals  essential  to  the  welfare 
and  happiness  of  man."t 

Under  suitable  treatment  malarial  fevers  are  seldom  fatal.  Even 
when  untreated  the  death  rate  is  low.  In  consequence  of  the  enor- 
mous numbers  of  cases  in  malarial  districts,  the  weakness,  ancemia, 
Enlarged  spleen  and  general  disability  that  occur,  however,  greatly 
interfere  with  the  economic  prosperity  and  industrial  success  of  the 
people. 

Cost  of  malarial  fevers  to  the  State  in  India.-It  would  be 

interesting  to  estimate  what  malaria  costs  the  State  per  annum  m  the 
va^^ous  provinces  and  in  the  Army  in  India,  were  it  not  that  the 
undertaking  would  be  largely  theoretical.  Such  an  estimate  would 
include  the  original  cost  of  all  anti-malarial  operations  of  hos^pital 
accommodation  for  malarial  cases,  cost  of  medical  service,  feeding, 
Tu' shrinvaliding,  and  cost  of  training  recruits  to  replace  morality 
ancU  validin- (direct  and  indirect)  from  malaria.  Apart  from  these 
Hems  ar^  he  constant  reduction  of  the  effective  strength  for  active 
slr^ice  the  great  prevalence  of  malarial  fever  cases  in  Indian  cam- 
paigns; cost  of  transferring  these  cases  to  the  base,  and  of  gettmg 
others  up  to  the  fighting  line  to  take  their  place. 

CONTRIBTJTOET  CAUSES  OF  MALARIA. 

While  the  direct  cause  of  malaria  in  man  is  an  infection  of  the 

parasites  of  malaria  and  the  mosquito-malaria  hypothe^i.. 

oZ  iTr^e  coTionTof  water,  and  the  personal  predispos.ng  caases  oC 

malarial  infection. 

indirectly  assistjr^fection  through  m_osquitoes.   

 TJZ^sGV.  Nightingale,  LifT^oid  Death  in  Mia. 

t  Climate  and  Fevers  of  India. 


In  later  Sections  it  is  proposed  to  consider  the  mosquito-malaria 
hypothesis,  the  bionomics  of  mosquitoes,  the  direct  cause  of  malarial 
fevers,  the  various  species  of  malarial  haemosporidia,  and  the  methods 
of  measuring  the  endemicity  of  malaria  in  India. 


CONTRIBUTORY  EPIDEMIOLOGICAL  FACTORS  IN  MALARIA 

A.— Metereological  Relations  of  Malahia. 

Temperature. — This  has  an  important  bearing  on  malaria.  A  tem- 
perature of  15''  to  16°  C.  (59  to  62°  F.)  is  the  limit  at  which  malarial 
fevers  occur.  Those  regions  in  which  this  temperature  is  uot  attained 
by  the  mean  summer  temperature  remain  exempt  from  malarial  fevers. 

A  certain  degree  of  atmospheric  heat  is  required  for  the  develop- 
ment of  the  malarial  parasites  in  the  mosquito.  From  this  it  follows  that 
anophelines  may  be  harmless  at  a  low  temperature,  but  dangerous  when 
the  temperature  rises. 

In  endemic  malarious  areas  during  the  winter,  mosquitoes  are 
driven  into  houses,  huts,  stables,  and  then  the  malarial  parasites  in  a  large 
number  of  them  perish.  In  the  spring  again  in  many  parts  of  India 
the  mosquitoes  become  re-infected  from  cases  of  relapses.  These 
relapses  or  residual  cases  form  the  means  by  which  malarial  fevers  are 
maintained  between  the  malarial  season  of  one  year  and  the  year 
following. 

It  has  been  demonstrated  that  both  a  low  and  a  high  atmospheric 
temperature  are  unfavourable  to  the  development  of  the  malarial  parasite 
in  the  mosquito,  the  most  favourable  temperature  being  between  24 
and  30°  cent.  (75  and  86°  Fahr.),  although  a  sudden  change  to  a  low 
temperature  from  a  favourable  one  does  not  interfere  with  the  develop- 
ment of  the  parasite  in  a  mosquito  that  has  been  already  infected.  It 
is  said  to  be  probable  that  some  anophelines  in  cold  weather  may,  if  once 
infected,  remain  so  for  months.  The  same  would  hold  good  for  those 
infected  during  the  spring  who  in  summer  would  remain  infected  while 
sestivating. 

Great  falls  of  temperature  in  malarious  places  are  important  in 
respect  of  their  being  associated  with  relapses  from  chills,  the  latter 
operating  by  lowering  the  physiological  resistance  and  then  permitting 
latent  malarial  pararsites  to  multiply. 

Moisture.— This  is  a  significant  factor  iu  connection  with  the  occur- 
rence ot  malaria.  The  typical  malarious  locality  is  low  and  marshy,  or 
in  the  vicinity  of  rivers,  lakes,  and  large  accumulations  of  water.  Some 
regions  in  India,  almost  free  from  malaria  in  the  hottest  part  of  the  dry 
season,  become  very  malarious  shortly  after  the  commeucement  of  the 
rains  and  their  malarial  intensity  becomes  greater  during  the  autumn 
aXteline's.  ''''""'^  ^^^^^^P^^^nt  of  the  eggs  and  larvae  of 
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the  sreat  importance  of  humidity  of  the  soil  is  shown  by  the  asso- 
ciation of  malaria  with  marshes,  jheels,  swamps,  and  the  banks  and  dry- 
fnt  beds  of  rivers  and  the  sea  coast.  The  period  following  the  overflowing 
of ''rivers  and  inmidation  of  the  smrounding  country  is  specially  malari- 
ous This  latter  condition  is  imitated  artificially  over  large  tracts  in 
this  country  by  the  irrigation  of  rice,  and  to  a  limited  extent  sugar-cane 

fields.  ., 
Small  swamps,  and  the  collections  of  water  seen  round  or  near  vil- 
lages are  responsible  for  much  of  the  malaria  met  with  in  rural  districts. 

Rainfall  -The  amount  of  rainfall,  and  the  period  over  which  the 
rainy  iason  Continues,  have  an  important  influence  on  the  prevalence 
and  distribution  of  malaria  in  India.    Rainfall  conduces  to  the  produc- 
of  malaria  because  it  is  favourable  to  the  development  of  larva3  of 
anophelines.    Heavy  torrential  rains  have  the  effect  of  washing  away 
Tsqui  o  larv^,  whilst  intervals  of  dry  weather  dry  up  the  pools  and  may 
be  associated  w  th  dessication  of  larvae.    The  most  favourable  conditions 
for  mosquitoes  are  intermittent  and  moderate  rainfall  with  intervals  of 
un  hine    if  there  is  sufficient  water  collected  for  oviposition,  and 
t^e  enough  for  hatching  the  eggs  out.    Alternate  saturation  and 
de^sicaUon  of  the  soil  is  especially  favourable  to  the  extension  of  malaria, 
iust  as  a   permanently   permeated  wet ,  or   a   completely    dry  soil, 
s  unfavouraL  to  malaria.    The  banks  of  the  Jumna,  ^-.g-,  Indu,  and 
Rrahmanutra  and  other  Indian  rivers  periodically  overflow  then  banks 
LdmaE  appears  in  the  tracts  affected  shortly  after  the  subsidence  of 
the  o^e  flow. This  leads  us  to  infer  what  actually  is  the  case_-that  mos- 
nultoes  flourish  in  the  shallow  pools  and  puddles  left  in  the  beds  of  the 
?Wers  at"r  this  subsidence,  ^      do  no.  thrive  in  great  -  1-^-^^^^^^ 
ranTdly  flowing  water  where  they  would  be  washed  away  in  tbe  touents 
3  paten  bv  fish   When  the  pools  left  are  flooded,  washed  out  and  con- 
vPrted  i^to  Leper  collections  of  water,  the  evolution  of  mosquitoes  from 
ova  to  imago  ?s  greatly  interfered  with.    During  a  dry  period  following 
"^idly  n pon  heiy  rains  or  freshets,  malana  outbreaks  are  severe  a,d 
frequent     This  phenomenon  is  constant  and  pronounced  all  over  India. 

tion  channels  in  use  and  by.  rivers. 

„  leral  terms  it  ,nay  be  stated  tl.at  „alanal  f-™.  are  ^o^ 
in  ge"«''"       ,    .  „f  tije  heaviest  monsoon  rains— these 

the  drainage  is  slow  or  in  any  way  obstructed.    •      .  ■  _ 

Winds.-This  diffusion  of  malaria  by  winds  occurs  onlj 
lixnited  dSances,  as  hills,  trees,  and  other  obstacles  may  protect  hooises 
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leeward  of  breeding  places  of  anophelines.  This  is  explained  by  the 
known  habits  of  anophelines  who  are  weak  fliers,  and  in  winds  secrete 
themselves  in  trees,  brushwood  and  bushes,  and  even  in  grass  ;  mosquitoes 
are  easily  hindered  in  their  flight  by  obstacles. 

Ships  anchoring  at  short  distances  from  malarious  places  are  not 
attacked  by  malarial  fevers  or  invaded  by  anophelines.  If  the  germs  of 
malaria  were  carried  through  the  air  it  would  not  be  possible  to  explain 
why  they  do  not  affect  people  at  a  reasonably  short  distance  from  their 
origin  or" breeding  place— (see  Air  Tkeory  of  Malarial.  Infection,  p.  36). 

Climatic  and  seasonal  relations  of  malaria.— The  climate  and 
season  of  the  year  are  important  factors  both  in  the  incidence  of 
malaria  and  development  of  anoplielines.  Malarial  fevers  are  prevalent 
when  the  conditions  of  heat  and  moisture  favourable  to  the  development 
and  activity  of  anophelines  are  in  existence.  In  temperate  climates  mala- 
rial fevers  occur  only  during  the  warmest  season  of  the  year.  In  the 
tropics,  whilst  these  fevers  prevail  for  much  longer  periods  each  year, 
their  incidence  is  highest  during  the  rainy  season  and  the  period  follow- 
ing it.  Most  cases  occurring  at  the  first  half  of  the  year  are  considered 
to  be  relapses  and  not  cases  of  initial  infection. 

Climate  has  a  distinct  influence  as  regards  the  distribution  of 
certain  types  of  malarial  infection  in  India.  The  factor  of  heat  is 
universally  present  and  does  not  appear  to  afifect  the  question  of 
intensity  so  much  as  would  be  expected,  except  that  in  certain  parts 
of  India,  especially  in  Southern  India  and  along  the  sea  border,  it 
permits  of  anophelines  breeding  all  the  year  round.  Temperature  as 
far  as  India  is  concerned  can  only  be  looked  on  as  a  predisposing 
cause  affecting  the  breeding  of  anophelines,  the  development  of  malarial 
parasites  in  anophelines,  and  the  multiplication  of  malarial  parasites 
in  the  blood  of  man. 

Season  has  a  marked  influence  as  regards  the  number  of  cases  met 
with  in  any  locality.  This  is  to  a  large  extent  affected  by  the 
prevalence  or  fewness  of  anophelines,  although  this  is  not  the  entire 
explanation,  especially  in  localities  where  there  are  few  malaria-bearing 
anophelines  with  severe  malaria  in  man.  In  this  country  so  well 
marked  is  the  effect  of  one  particular  part  of  the  year  on  the  prevalence 
of  malaria  that  we  call  that  period  the  malarial  season.  This  usually 
occupies  about  four  months  and  these  months  are  different  in  different 
localities.  They  are  generally  August  to  November,  but  they  may  be 
much  earlier  as  in  Burma.  The  commencement  of  our  great  Indian 
epidemics  and  pandemics  of  malaria  usually  occurs  during  the  latter 
part  of  summer  and  in  autumn. 

There  are  in  endemic  centres  periods  of  maximum  and  minimum 
incidence — the  maximum  is  usually  the  autumn,  and  the  minimuni  the 
spring  and  early  summer  months.  The  maximum  prevalence  is  therefore 
towards  the  end  of  and  shortly  after  the  rainy  season. 


20 


In  many  parts  of  Northern  India  a  heavy  fall  of  rain  in  March,  April, 
or  May,  is  connected  with  an  increased  incidence  of  malaria  a  month 
or  six  weeks  after  this  fall,  leading  some  medical  officers  to  consider 
that  this  accession  of  cases  has  been  due  to  relapses  arising  from 
chills  caused  by  reduced  atmospheric  temperature.    Were  this  the  case, 
however,  the  increased  incidence  would  occur  immediately  or  shortly  after 
the  fall'.    It  is  much  more  probable  tb.'vt  it  is  due  to  malaria  bearing 
anophelines  taking  advantage  of  the  presence  of  water  to  lay  eggs  in, 
and  that  these  additional  malaria  cases  are  due  to  ii  fection  through  the 
new  generation  of  anophelines.    Whether  such  is  the  case  or  not  could 
easily  be  decided  by  observations  made  at  these  rainfall  periods  in 
late  spring  and  early  summer. 

Accepting  the  fact  that  mosquitoes  are  the  only  carriers  of  malaria 
from  men  to  man,  malarial  fevers  must  necessarily  be  seasonal,  the  maxi- 
mum period  of  incidence  of  these  fevers  closely  corresponding  with  the 
time  mosquitoes  are  most  numerous.  There  may  appear  to  be  a  con- 
tradiction to  this  statement  in  malarial  fevers  occurring  during  periods 
when  mosquitoes  are  practically  absent.  This  is  readily  explained  by 
the  occurrence  of  relapses  of  such  fevers  in  untreated  or  badly  treated 
cases. 

B.— Geological  and  other  Relations  of  Malaria. 

TeUuric  relations  of  malaria.— In  connection  with  malaria 
the  degree  of  porosity  of  the  soil  is  of  great  importance,  whereas 
the  actual  geological  constitution  and  proportion  of  animal  and  vege- 
table constituents  are  of  no  significance.  A  soil  that  permits  of  its 
contained  water  to  drain  rapidly,  or  that  quickly  absorbs  such 
water  is  unfavourable  to  malaria;  one  that  holds  up  its  surface 
water  in  small  collections,  such  as  small  lakes  and  pools,  etc.,  and 
onlv  gets  rid  of  it  slowly,  fosters  malaria.  Hence  rocky  soils  (except 
where  full  of  holes  and  shallows  which  retain  water)  and  deep  sandy 
soil«  are  not  favourable  to  malaria  ;  but  a  granite  soil  covered  by  a 
layer  of  clay  or  even  porous  earth  may  be  associated  with  severe 
malarial  fevers. 

Loose,  porous,  sandy,  alluvial  and  argillaceous  soils,  deep  loamy 
marshy  lands,  with  a  substratum  of  clay  affording  capacity  for  the 
retention  of  water,  and  level  countries  presenting  physical  obstacles 
to  underground  drainage,  are  most  favourable  during  a  moderately 
high  range  of  temperature,  to  the  development  of  malaria. 

Manv  alluvial  soils,  especially  those  most  recently  formed,  are 
malarious,  although  they  may  not  be  marshy.  Many  alluvial  soils  have 
T  f^at  surface,  a  bad  outfall,  and  are  in  the  vicinity  of  streams  which 
may  cause  great  variations  in  the  level  of  the  ground-water.  Uneven 
mud  banks  also,  on  the  side  of  rivers  and  large  streams    especia  ly  if 

occasionally  covered  with  water,  may  be  highly  malarious  ;  this  is 
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the  case  with  many  rivers  and  with  deltas  and  old  estuaries.  Vast 
tracts  of  ground  in  Bengal,  and  in  other  parts  of  India,  along  the  course 
of  the  great  rivers  (Ganges,  Brahmaputra,  Indus,  Nerbudda,  Kristna,  etc.) 
are  made  up  of  soils  of  this  description,  and  some  of  tlie  most  important 
towns  and  stations  of  India  are  placed  on  such  sites.  The  deltas  of  great 
rivers  present  these  alluvial  characters  in  the  highest  degree,  and  should 
never  be  chosen  as  sites  for  building  on.  If  they  must  be  used  only 
the  most  thorough  deep  di'ainage  can  make  them  healthy. 

Impervious  soils  impenetrable  to  water,  and  which  permit  of 
the  formation  of  pools  and  collections  of  stagnant  water,  are  the 
most  dangerous.  Marshes  and  swamps,  where  the  surface  of  the 
soil  is  partially  covered  with  water,  are  very  favourable  to  anophelines. 
.Adequate  and  scientific  drainage  and  the  formation  of  canals  in 
such  areas  are  followed  not  only  by  reduction  of  malaria,  but  by  the 
improvement  of  the  general  health. 

Vegetation,  ^per  se,  has  nothing  to  do  with  malaria — malaria 
may  abound  in  its  most  concentrated  and  deadly  form  where  little  or  no 
vegetation  exists. 

The  most  putrid  animal  decomposition  with  an  abundant  evo- 
lution of  ammonia  and  sulphuretted  hydrogen  is  not  associated  with 
the  production  of  malaria. 

There  is  no  scientific  evidence  to  indicate  that  malaria  is  in  any 
way  related  to  the  mineral  constituents  of  the  soil.  It  is  found  to 
exist  in  all  kinds  of  soil — alluvial,  sandy,  or  ferruginous  earths,  and 
even  on  soils  arising  from  the  weathering  of  metamorphic  rocks.  The 
one  essential  and  constant  relation  of  soil  to  malaria  is  the  presence 
of  facilities  in  the  soil  for  the  collection  of  surface  water  wherein 
mosquitoes  can  breed.  Hence  we  find  that  low-lying  lands  covered  with 
rank  vegetation  and  marshes,  such  as  river  estuaries,  are  frequently 
endemic  malarial  localities.  In  such  cases  the  complete  drainage  of  the 
soil,  or  the  flooding  of  the  surface,  at  least  partially,  and  sometimes 
entirely,  renders  them  non-malarial.  It  was  formerly  thought  that 
malaria  was  produced  by  excavating  or  upturning  the  soil  in  endemic 
malarial  areas — that  malaria  was  due  to  a  poison  or  miasm  which  was 
contained  in  certain  soils,  and  that  when  such  soils  are  dug  up  or  turned, 
the  poison  makes  its  exit.  This  is  the  basis  of  what  was  known  as  the 
telluric  origin  of  malaria.  The  records  of  the  history  of  malaria 
are  full  of  instances  of  malaria  said  to  have  arisen  in  this  way.  We 
now  know  that  in  a  large  number  of  these  instances  the  cases  were 
either  not  malaria  at  all,  or  were  merely  relapses  of  malarial  fever 
occurring  in  those  employed  in  such  work— cases  in  persons  who  had 
previously  suffered  from  malarial  fever— whilst  others  were  probably 
cases  of  initial  malarial  infection  acquired  in  the  usual  way  by  the  bites 
ot  infected  anophelines  at  some  antecedent  date.  That  these  expla- 
nations are  the  correct  interpretation  of  such  oases  in  India  is  only  too 
well  known  from  the  large  number  of  coolies  infected  in  road-making, 
in  making  railway  embankments,  excavating  canals,  in  all  of  which 
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occuimtions  often  thousands  of  persons  are  housed  together  in  temporary 
thatched  huts  adjacent  to  the  works  surrounded  by  marshes,  or  by 
collections  of  water  contained  in  borrow-pits  which  they  have  made 
during  the  course  of  the  work,  in  which  excavations  myriads  of  anophe- 
lines  breed. 

All  experiments  made  to  infect  man  with  soil,  air,  or  water  from 
malarial  marshes  have  failed.  Such  experiments  have  been  frequently 
made. 

Subsoil  water  level  in  relation  to  malaria.— As  a  general  rule  it 
may  be  said  tl\at  a  persistently  low  ground  water  level,  say  lo  to  20 
feet,  is  unfavourable  to  malaria,  that  a  persistently  high  level,  say  3  to 
5  feet,  fosters  malaria,  and  that  a  level  which  fluctuates  is  liable  to 
be  most  malarious.  This  opinion  is  forced  upon  us  from  the  general 
literature  of  the  subject  and  experience  of  malaria  throughout  this 
country.  The  author's  personal  experience  extending  over  24  years, 
during  10  of  which  he  has  been  Health  Officer  in  a  locality  where 
malarial  fevers  are  endemic,  is  that  there  is  an  intimate  relation  between 
the  height  of  the  subsoil  water  and  malaria. 

The  relation  of  the  height  of  the  subsoil  water  to  malaria  is  shown 
from  the  following  table  from  a  report  published  when  one  was  Health 
Officer  of  a  large  Deccan  Municipality  :— 

Table  of  causes  of  Malarial  Fevers  treated  in  the  Civil  Disinn- 
sary  of  Ghuddergkaut  during  the  years  1887—1889. 


Year. 


1887 
1888 

1889 


Remarks. 


High  subsoil  water  level. 
High    but  oscillating  subsoil 

water  level. 
Uniform  but  low  subsoil  vi?ater 

level. 


The  vast  number  of  people  that  were  affected  with  malarial  diseases 
in  the  vear  1886  led  to  inquiries  regarding  the  causes  of  this  ana. 
The  ophiion  arrived  at  was  that  it  was  due  to  the  high  subsoil  wa  er  level, 
together  with  excessive  "wet"  cultivation  within  municipal  hmits. 
In  the  3  ear  1889  wet  cultivation  was  prohibited  over  an  extensive 
a?ea  The  great  disparity  between  the  number  of  cases  of  malar  al 
7eZ.  occurring  in  this  year  and  1887  (7,618  and  37  000  respectively 
[rprobably  attributable  to'  the  uniformly  low  level  of  the  subsoil  water 
in  1889  and  its  high  level  in  the  year  1887. 

In  the  Dinajpur  district  I  found  a  close  relationship  between 
hich  around  water  levels  throughout  the  year  and  both  high  spleen  and 
mflai^  death  rates,  while  low  ground  water  levels  were  accompanied 
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by  mucli  less  prevalence  of  malaria.  The  great  improvement  in  health 
in  Algeria,  following  a  lowering  of  the  ground  water  level  by  drainage, 
shows  the  great  value  of  this  measure,  which  is  about  to  be  tried  in  some 
very  malarial  parts  of  Jessore  (Lower  Bengal)."* 

Configuration  of  the  ground. — This  is  highly  important  as  it 
atfects  the  manner  in  which  surface  water  is  disposed  of.  Hollows, 
ditches  and  all  excavations  without  outlets,  given  other  conditions, 
favour  malaria  ;  per  coiitra,  elevated  sites,  if  they  permit  of  rapid 
drainage,  are  unfavourable. 

It  has  for  centuries  been  held  that  the  "  virus  "  of  malaria  does 
not  ascend  much  above  the  level  of  the  ground.  In  the  medical  literature 
of  India  of  the  last  century  one  frequently  comes  across  the  phrase 
"malaria  loves  the  ground."  This  is  now  explained  by  the  fact  that 
anophelines  are  not  high  fliers  and  will  keep  close  to  the  ground  when 
food  (in  the  form  of  human  blood)  is  there  available. 

Altitude  as  alBEecfing  malaria.— Whilst  malaria  is  seldom  met 
with  at  great  altitudes,  tlie  old  hard  and  fast  rule  that  malaria  did 
not  occur  by  initial  infection  beyond  -1,000  feet  in  India  is  certainly 
incorrect.  One  has  proved  the  co-existence  of  malaria-bearing 
anophelines  and  malignant  and  simple  tertian  fevers  at  4,300  feet 
(Bakloh),  and  of  infected  mosquitoes  and  the  same  varieties  of  malarial 
fever  at  6,000  feet  (Kobima,  Naga  Hills,  Assam).  It  is  known  to 
occur  at  8,000  in  Mexico.  The  general  statement  holds  good,  however, 
that  the  higher  we  ascend  the  less  the  chances  of  a  place  being 
malarious,  because  the  physical,  telluric  and  climatic  conditions 
become  more  unfavourable  to  the  development  of  mosquitoes.  Given 
suitable  conditions,  mosquitoes  can  thrive  at  high  levels.  "  Neverthe- 
less the  reported  existence  of  malaria  in  localities  which  from  general 
geographical  conditions  might  be  expected  to  be  free  from  the  disease 
should  always  be  carefully  investigated,  for  relapses  may  occur  in  any 
climate  and  under  a  great  variety  of  conditions"  (Thayer),  On  the 
other  hand  one  has  recently,  during  the  malarious  season  of  the  plains 
investigated  the  malaria  of  seven  hill  stations  ranging  from  .5,000  to  7  400 
feet  high  (Almora,  Ranikhet,  Chaubattia,  Lansdowue,  Landour,  Kailana 
and  Chakrata);  m  six  of  these  both  anophelines  and  initial  malaria  were 
absent;  m  Almora  (5,000  feet)  a  few  Nys,  maculatus  a^nd  an  nnidenti- 
hed  species  of  Nyssorhynchus  were  found,  and  it  was  very  doubtful  if 
any  cases  of  initial  malaria  occurred  in  the  station. 

onnn^^®!''^'''^^"'*^^"^^'^^"  ^-^^^^^^"i^  I^^ia  and  Ceylon,  viz., 
2,000  metres  is  very  near  the  truth,  as  the  records  show  but  few 
ins  ances  m  which  fresh  infections  of  malaria  occur  beyond  6,500  feet. 

ItXVl  7?;'       T^^^^-  "^"'^  persistent  in  lovv-i;ing  coast 

d  stricts ;  deltas  of  arge  rivers  in  India  are  especially  liable  to  outbursts 
of  epidemic  malariau__^  situated  in 

*  Rogers,  Fevers  of  the  Tropies^.  203;  •"•  -■-  •    -  ■ 
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low-lying  places.  These  are  the  places  in  which  we  ^et  (1) 
a  dense  population,  (14)  a  large  floating  population  many  of  whom  are 
susceptible  to  malaria,  and  (.^)  swarms  of  malaria-bearing  anophe- 
lines.  Hence  we  find  malarial  fevers  in  India  very  prevalent  in  the  low 
lands  in  the  neighbourhood  of  the  large  rivers  such  as  the  Ganges,  Indus, 
Godavery,  Krishna,  in  Assam  along  the  Brahmaputra,  in  which  province 
it  is  also  very  virulent  on  the  lower  slopes  of  the  hills  and  in  the 
valleys  along  the  branches  of  the  Brahmaputra;  in  Burma  it  is  speci- 
ally malignant  along  the  valleys  of  the  Irrawaddy,  Chindwin  and 
Moo— some  of  the  worst  malignant  infections  one  has  seen  were  in 
our  troops  returning  from  expeditions  along  these  rivers  in  the  war  of 
1886-87  ;  in  Manipur  (about  3,000  feet),  which  is  a  small  territory 
thirty  miles  long  by  ten  wide,  surrounded  by  low  hills  and  intersected  in 
every  direction  by  streamlets  and  irrigation  canals,  malaria  is  exceed- 
ingly prevalent.  Along  these  rivers  there  are  unlimited  breeding 
grounds  for  anophelines. 

C— Relation  of  Marshes  and  Places  Simulating  Marshes 

TO  Malaria. 

In  the  epidemiological  relations  of  malaria,  one  of  the  oldest  beliefs 
and  most  substantial  facts  we  possess  is  that  marshes  have  an  intimate 
relation  with  malaria;  its  earliest  name,  "marsh  poi.son,"  indicates 
this. 

Marshes,  swamps,  jheels,  etc.— In  India  the  inhabited  regions 
adjacent  to  swamps,  marshes,  jheels,  lakes,  ponds,  and  other  places 
simulating  marshes,  are  practically  always  malarious  ;  some  of  the  worst 
foci  of  malaria  in  the  Indian  Empire,  such  as  Assam,  the  Himalayan 
Terai,  Bhutan  Frontier,  Manipur,  the  valleys  of  large  rivers  (Ganges, 
Indus,  Jumna,  etc.)  are  found  near  these  collections  of  water. 

Nevertheless  there  are  swampy  regions  of  vast  area  where  no 
malaria  is  met  with,  indicating  that  other  factors  are  necessary  for 
the  generation  of  malarial  fevers ;  per  cnntra,  there  are  regions  perfectly 
free  from  marshes  and  swamps  which  are  endemic  seats  of  malaria. 
In  vast  tracts  of  the  Punjab  there  is  an  absence  of  marshes  and  swamps, 
the  soil  is  dry  for  a  large  part  of  the  year  (the  water  being  in  many 
districts  from  50  to  lOO  feet  below  the  surface),  yet  there  are 
various  other  sources  of  water  such  as  the  streams  of  the  five  great 
rivers,  and  the  extensive  areas  supplied  by  irrigation.  The  same  may 
be  said  of  the  highlands  of  Persia.  The  Upper  Godavery  provmce  is 
the  most  malarious  in  the  Deccan,  yet  in  it  there  is  not  an  acre  of 
marshy  ground.  It  is  now  well  established  that  a  marsh  or  swamp  is  not 
needful  for  the  development  of  malarial  diseases. 

In  India  marshes,  swamps,  ditches,  and  the  low  grounds  subject  to 
overflow  by  rivers,  afford  that  conjunction  of  telluric  conditions  that  is 
most  favourable  to  malaria. 
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A  marsh  at  some  distance  and  in  evidence  is  often  incriminated 
when  the  real  cause  of  malaria  is  in  the  immediate  vicinity  of 
unhealthy  houses,  and  frequently  a  close  examination  will  prove  the 
existence  of  many  undiscovered  or  unexpected  nurseries  of  anopheline 
larvfe. 

A  plateau  above  a  marsh  is  dangerous.  Even  the  slope  of  a  hill 
a  situation  ordinarily  to  be  recommended  as  a  building  site,  when  above 
a  or  swamp,  is  likewise  to  be  avoided,  except  when  the  wind  is 
constant  in  the  direction  opposed  to  the  slope,  or  from  the  slope  to  the 
jheel. 

Tanks. — These  form  one  of  the  largest  classes  of  breeding  places  of 
anophelines  m  this  country.  They  are  found  around  and  in  every  town, 
station,  cantonment,  village  and  hamlet.  A  large  number  of  tanks  fill, 
during  the  south-west  monsoons,  but  after  the  rains,  begin  to  dry  up 
and  become  sources  of  malaria.  From  this  we  may  infer  that  whilst  an 
ordinary  or  temporary  camp  may  be  formed  near  a  tank  full  of  water,  a 
permanent  camp  should  never  be  so  located.  The  same  applies  to 
marshes,  banks  or  beds  of  rivers  which  are  drying  up  ;  all  such  places 
should  be  avoided  for  camps  and  as  building  sites. 

Ravines. — In  India  ravines  are  always  unhealthy,  especially  if 
covered  with  jungle,  close  brushwood,  etc.  The  mouths  of  ravines 
are  specially  dangerous  places.  The  summits  of  ravines  are  at  times 
also  malarious,  especially  if  only  a  few  hundred  feet  high. 

Irrigation  canals.— As  a  source  of  anophelines  these  are  very 
important  in  India.    Some  anophelines  breed  almost  exclusively  in 
running  water  and  for  these  irrigation  channels  are  favourite  nurseries 
Irrigation  channels  not  only  breed  mosquitoes  but  the  soil  around 
becomes  sodden  and  collections  of  water  form  along  the  irrigated  area. 

Irrigated  lands. -These  are  another  source  of  malaria,  particu- 

Svlted"  1  n7in"T  H^^'"?^' m  '"^Sation  canals  supply  vast  /racts  of 
cultivated  land  in  India.    In  Manipur,  all  the  j heels  and  rice-fields 

ii  myriadt      '  '"^       ''^^^  anophelines  are  found  to  breed 

Malaria  is  more  persistent  in  its  prevalence,  more  virulent  and 
therefore  more  fatal  in  its  results,  in  the  canal  irr  gated  tract    than  n 

T::xsi:'Ssiril!^^^i     '  ^^^^^^  this'sho'id  bf natui^^i ; 

Tera  coun  Is"  > -'^  ^''^^  ^'^'"'^  '^'^  canal-irrigated  or  S 

tue  year,  wnen  all  the  laud  and  air  is  moist, 
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it  is  difiBcult  to  find  any  village  in  which  persons  are  not  suffering 
from  ague,  ai.d  this  suffering  is  more  general,  more  lasting  and 
fatal,  us  the  rainfall  of  any  year  is  greater  or  late,  so  that  its  drying  up 
is  delayed."  * 

Ditches. —Next  to  irrigation  canals,  in  the  production  of  malaria, 
may  be  enumerated  ditches  surrounding  towns,  cities  and  forts,  and  the 
badly  graded  ditches  in  fiat  districts  generally.  There  can  be  no  doubt 
that  the  ditches  surrounding  towns,  either  when  they  become  stagnant, 
or  when  they  are  drying  up  by  continued  heat,  become  the  source 
of  malaria  in  the  same  way  that  marshes  are ;  they  are  often  the  cause 
of  disease  to  the  inhabitants  for  whose  protection  they  were  _marle_ 
Ditches  of  wliatever  description,  whether  used  for  the  protectmn  of 
towns  or  of  camps,  or  for  draining  the  soil,  unless  carefully  looked  after  are 
in  India  productive  of  malaria,  particularly  when  they  are  drying  up. 

Pools,  ponds,  etc.— The  influence  of  pools  in  the  production  of 
malaria  must  be  evident  from  what  has  been  already  advanced. 

One  of  the  great  causes  of  the  increase  of  malarial  fevers  in  certain 
districts  appears  to  be  the  more  universal  construction  of  roads,  railways, 
irrigation  tanks,  and  irrigation  canals,  which  obstruct  the  outfalls  ot 
the  subsoil  water  in  the  one  case,  and  keep  the  soil  damp  and  water- 
logged, and  in  many  districts  marshy,  in  the  other. 

Rice  cultivation. -Until  a  few  years  ago  authorities  were  not 
agreed  as  to  whether  rice  cultivation  is  unhealthy  or  mnocuous.  A 
iTce-field  under  irrigation  might  be  regarded  as  a  type  of  swamp  or 
marsh.  The  varying  physical  states  of  the  soil  in  paddij-fitHs  is 
precisely  such  as  we  should  expect  to  find  associated  with  a  prevalence  ot 
malarial  fevers;  they  have  the  characters  of  marshes- alternately 
saturated  with  water  and  drying-up  It  is  an  important  point  therefore 
to  decide  the  distance  paddy  fields  should  be  from  inhabited  paces,  towns, 
barracks,  etc.  Amongst  medical  officers  in  India  opinion  is  in  favour 
of  making  this  distance  as  great  as  possible.  Personally  one  considers 
that  rice  cultivation  should  not  be  permitted  within  a  mile  of  towns 
and  cantonments  in  India.  In  Italy,  it  is  not  allowed  withm  five 
miles  of  towns. 

Kice  cultivation  is  undoubtedly  inimical  to  health  under  certain 
circumstances.  In  India,  without  adequate  subsoil  drainage,  it  is 
undoubtedly  injurious  to  the  health  of  the  cultivators,  and  will  continue 
to  be  so  under  existing  agricultural  methods. 

The  healthiness  or  unhealthiness  of  a  rice-field  to  some  extent 
depends  on  the  amount  of  water  available  for  irrigation  Reveiiue 
Officers  inlndia  used  to  classify  these  fields  as  one  crop,  " -  two^ 
"^mTn.  Macnamaha,  Hmialayan  India.  Report  ou  Malaria  iu  the  Korth-West 
i'roviuctt  and  Oudh,  18(36. 
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or  even  "three  crop  "fields.  It  might  perhaps  be  safe  to  say  that 
"  one  crop "  cultivation  is  almost  certain  to  cause  malaria  in  the 
vicinity  ;  that  "  two  crop  "  cultivation  is  less  dangerous,  and  that,  other 
causes  being  absent,  there  is  much  less  malaria  in  the  vicinity  of 
"three  crop  "  cultivation. 

It  has  been  ascertained  that  the  rice  grounds  in  some  parts, 
such  as  Trichinopoly,  Tanjore,  and  other  places  in  Southern  India, 
where  the  plantations  are  almost  constantly  inundated,*  are  less  fertile  in 
the  production  of  malaria  than  those  which  after  inundations  are  exposed 
to  the  action  of  a  powerful  sun.  This  consideration  will  as.sist  in 
explaining  the  varying  degrees  of  unhealthiness  in  the  neighbourhood  of 
the  rice  grounds  in  different  parts  of  India. 

As  stated  above  the  varying  conditions  found  on  the  paddy-fields  of 
this  country  are  essentially  those  of  marshes,  which  have  been  long 
notorious  for  malaria  production.  Hence,  if  a  site  in  a  malarious  locality 
must  be  selected  for  habitations  in  the  neighbourhood  of  wet  cultivation, 
it  is  essential  that  surface  drainage  should  be  carefully  attended  to,  so 
that  the  "  tail  "  of  water  beyond  that  requisite  for  plant  life  shall  be 
correctly  disposed  of. 

As  now  carried  out  wet  cultivation  is  responsible  for  an  enormous 
amount  of  malaria  in  this  country,  and  in  Burma,  Manipur,  and  Assam. 
It  is  possible  by  legislation  to  prevent  such  cultivation  within  a  certain 
limit  of  densely  inhabited  towns,  cantonments  and  civil  stations  as  is 
done  in  Italy,  but  under  the  general  conditions  of  agricultural  life  in 
India,  it  is  not  possible  to  adopt  this  measure  in  rural  malarial  districts, 
as  the  small  collections  of  huts  called  villages,  are  in  most  districts 
scattered  in  the  very  heart  of  the  rice-fields  themselves.  In  endemic 
malarious  districts  it  is  theoretically  justifiable  to  condemn  rice 
cultivation,  but  in  this  country  where  millions  depend  on  rice  crops 
for  their  existence,  this  rigid  attitude  towards  rice  production  cannot 
be  adopted.  It  is  often,  in  severely  endemic  malarial  districts,  a  question 
of  allowing  the  lower  classes  to  die  of  famine  or  die  of  malarial  disease, 
and  the  former  is  the  worse  of  the  two  evils. 

The  parasites  of  malaria  have  never  been  discovered  in  the  air, 
water  or  soil  of  marshes  or  places  simulating  marshes.  'I'he  connection 
of  marshes  with  malaria  is  now  explained  through  the  anophelines  which 
breed  in  them  and  which  find  their  way  from  the  marshes  to  inhabited 
houses  in  the  vicinity. 


*  Because  owing  to  an  abundance  of  water  they  are  able  to  raise  three  crop.s 
in  the  year.  In  rice  cultivation  under  tanks  the  cultivation  hvsts  fiom  October 
to  April,  only  two  crops  are  raised,  and  the  land  lies  fallow  during  the  hottest 
mouths.  In  the  districts  named  cultivation  goes  on  for  nearly  the  whole  year 
without  intermission,  and  tlio  ground  is  always  saturated  with  water. 
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D. — Personal  Predisposing  Causes. 

Age. — Malaria  attacks  all  ages  but  most  frequently  children  under 
ten  years.  The  very  old  and  very  young  (infants  under  three  months) 
are  less  frequently  affected  with  malaria  in  endemic  districts.  The 
former  have  probably  acquired  a  certain  degree  of  immunity  to  the 
parasite,  the  latter  have  not  had  time  to  get  thoroughly  saturated 
with  parasites.  While  adult  natives  in  an  endemic  nialarious  locality 
may  be  comparatively  free  from  malarial  infection,  a  large  percentage 
of  the  young  children  suffer  to  a  greater  or  less  extent,  though  always 
to  a  less  extent  than  aew  arrivals  from  non-malarious  places. 

Sex.— The  male  sex  is  attacked  more  than  the  female  on  account 
of  greater  exposure  to  attacks  of  anophelines.    Sex  itself,  however,  has 
little  to  do  with  the  incidence  of  malaria;  when  both  sexes  are  equally 
exposed  to  infection  they  are  equally  infected.    It  is  possible  to  show 
that  where  women  are  largely  employed  in  manual  labour  like  men,  they 
are  largely  infected.    In  one  instance  on  a  large  canal  work  (the  Bari 
Doab  in  connection  with  the  Kavi  and  Beas  rivers),  where  about  2,800 
women  were  employed,  one  investigated  the  local  malaria  and  found  910 
with  malarial  parasites  in  their  blood,  or  32-5  percent.,  and  of  1,700 
men  on  the  same  work  at  the  same  time,  there  were  551  harbouring 
parasites  or  about  32-41  per  cent.    Mauipur,  which  is  about  3,000  feet 
above  sea-level,  consists  of  a  valley  30  x  10  miles,  irrigated  throughout 
by  intersecting  canals  ;  it  is  highly  malarious  ;  the  children  are  practi- 
cally all  infected  with  malaria,  whilst  the  men  and  women,  who  are 
throughout  equally  exposed,  are  affected  to  only  a  comparatively  small 
but  equal  extent. 

Race.— Native  adults  resident  in  malarious  places  are  less  liable 
to  malarial  infection  than  Europeans.    They  acquire  more   or  less 
immunity  early  in  life.    The  blood  of  a  large  percentage  of  native 
children  is  inhabited  by  the  haemosporidia  of  malaria     Newly  arrived 
Europeans  in  malarious  localities  in  India  are  specially  liable  to  malarial 
infection      If  exposed  to  malarial  influences  for  some  time  without 
suffering  from  malarial  fever,  they  may  acquire  a  certain  small  degree  of 
immunity.    Under  no  circumstance  does  the  European  in  malarious 
places  acquire  complete  immunity  or  undergo  complete  acclimatisation 
Maukel  states,  regarding  the  white  people  of  French  buiana,  that 
he  could  not  trace  a  single  white  family  back  more  than  four  genera- 
tions and  definitely  declares  that  no  immunity  is  acquired  by  the  Cauca- 
sian race    Eurasians  are  more  subject  to  malaria  m  endemic  malarial 
areas  than  natives,  in  this  susceptibility  following  their  European 
progenitors.    This  observation  was  originally  made  by  Ronald  Mariin 
and  has  been  repeated  by  many  experienced  medical  officers  m  India. 

Apart  from  constitutional  peculiarities,  individual  predisposition 
to  malarial  infection  is  met  with,  which  may  be  in  part  explained  by 
the  fact  that  some  people  are  more  attractive  to  mosquitoes  than  others. 
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New-comers  in  malarial  places,  especially  Europeans,  are  specially 
favoured  by  the  attentions  of  mosquitoes. 

Immunity.— It  would  appear  that  there  is  no  hereditary  immu- 
nity, or  absolute  acquired  immunity  against  malarial  infection. 
The  parasite  may  remain  in  the  system  for  long  periods;  latent  parasites 
are  of  frequent  occurrence  in  adults  of  endemic  districts,  it  is  possible 
that  the  parasite  of  malaria  is  capable  of  producing  immune  bodies  in 
the  sj'stem  for  self-defence,  and  that  for  this  reason  the  blood  plasma 
and  white  blood  cells  are  helpless  to  deal  with  them.  In  quinine, 
we  possess  a  drug  which  gives  us  a  relative  immunity  similar  to  that 
which  the  native  in  malarious  places  acquires.  It  is  preferable  to  this 
natural  partial  immunity,  because  in  the  latter  the  person  harbouring 
malarial  parasites  (latent  infection)  may  remain  a  source  of  infection 
long  after  convalescence. 

It  is  stated  that  dark-skinned  races,  living  in  malarious  regions, 
possess  a  relative  immunity  to  malarial  infection.  The  explanation 
is  that  it  is  due  to  an  acquired  immunity,  the  result  of  frequent 
infections  in  childhood.  In  the  West  Coast  the  negroes  undoubtedly 
possess  a  high  degree  of  immunity  to  malaria.  The  apparent  relative 
immunity  of  adults  of  the  West  Coast,  and  of  Central  Africa  generally, 
may  possibly  be  also  due  to  their  thick  skin  rendering  them  less  su.s- 
ceptible  to  the  bites  of  mosquitoes,  just  as,  conversely,  the  thin  skin  of 
young  children  renders  them  more  susceptible. 

Acquired  immunity. — The  relative  immunity  of  inhabitants  of 
endemic  areas  is  acquired  and  not  inherited.  We  find  in  such  areas  a 
high  percentage  of  the  children  harbouring  malarial  parasites  in  their 
blood  and,  in  ordinary  years,  comparatively  few  adults  with  parasites. 
Prolonged  residence  in  malarial  districts  gives  rise  in  those  who 
survive  malarial  infections,  to  a  degree  of  relative  immunity.  There 
is  no  doubt  that  recurring  attacks  ultimately  render  the  individual  less 
prone  to  infection.  The  explanation  may  be  that  the  malarial  toxins 
bring  about  some  changes  in  the  human  economy  which  render  it  less 
liable  to  further  attacks.  In  other  words,  we  get  a  condition  in  which 
after  repeated  attacks  of  malarial  fever  which  have  been  less  and  less 
severe,  there  is  established  a  spontaneous  and  more  or  less  permanent 
cure.  This  is  brought  about  more  rapidly  in  some  cases  where  quinine 
has  not  been  u.sed  (KoCH).  This  immunity  may  endure  for  years,  but 
any  condition  lowering  the  vitality  or  lessening  the  resisting  power  is 
liable  to  remove  it.   The  same  often  arises  by  going  to  a  new  locality. 

In  all  probability  the  explanation  as  to  acquired  immunity  is  a  much 
more  complex  and  obscure  problem  than  the  above  statement  would 
appear  to  indicate,  and  the  factor  or  factors  entering  into  its  occurrence 
are  as  yet  but  imperfectly  understood  and  call  for  investigation. 

Pregnancy  and  malarial  infection— Pregnant  women  acquire 
malaria  as  freely  as  the  non-pregnant.  The  later  the  infection  occur 
during  pregnancy,  the  greater  the  liability  to  miscarriage 
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Pregnant  women  can  take  quinine,  but  it  should  be  given  to  them 
with  care  and  in  much  smaller  doses  than  in  ordinary  cases.  Where 
parasites  are  found  it  should  always  be  given,  and  when  the  symptoms 
are  severe  full  doses  may  be  necessary.  Large  doses  should  never 
be  given  to  commence  with,  and  the  pregnant  women  should  remain  in 
bed  while  taking  it.  In  some  cases  the  first  paroxysm  of  malarial  fever 
comes  on  during  parturition  and  relapses  are  not  uncommon  at  that 
time  in  malarious  places. 

Occur)ation.— This  is  a  factor  predisposing  to  malarial  infection 
only  in  so'far  as  it  exposes  to  the  attacks  of  infected  anophelines.  Those 
employed  in  excavating  soil  in  malarious  places,  in  building  railway 
lines,  roads,  etc.,  and  camping  on  the  sites  where  these  excavations  take 
place,  are  especially  predisposed,  because  they  dwell  in  the  midst  of  the 
breeding  grounds  of  anophelines.    One  of  the  most  formidable  instances 
of  severe  malaria  of  modern  times  illustrating  this  is  the  terrible  havoc 
created  by  malaria  amongst  the  workmen  employed  during  the  earlier 
attempts  to  make  the  Panama  Canal.    This  is  the  more  noteworthy 
wl^en  we  contrast  it  with  the  present  practical  extinction  of  malaria 
effected  in  the  Panama  Canal  Zone  by  anti^malarial  and  anti-mosqmto 
measures.    It  is  probable  that  people  following  the  above  occupations 


acquire  more 
indoors.  See 


speedy  immunity  than  those  whose  occupation  keeps  them 
Section  on  R6k  of  Man  in  the  Distribution  of  Maiarvt, 
p.  31  et  seq. 

State  of  health.-All  conditions  enfeebling  the  body  even  tempor- 
arily, such  as  common  colds,  remaining  in  wet  clothes,  a  wetting  m  the 
rain,  severe  bodily  fatigue,  excessive  mental  work,  inadequate  amount 
of  sleep,  excesses  of  any  kind,  excitement,  defective  and  insufficient  diet 
drug  nabits,  parturition,  menstruation,  minor  illnesses  of  all  kinds, 
injuries  acute  and  chronic,  surgical  operations  and  defec  ive  dwellings 
increase  the  susceptibility  vo  malarial  infection.    Hence  the  advisabihiy 
of  using  quinine  under  all  circumstances  liable  to  enfeeble  the  resistance 
?o  makrial  infection.    Similarly  all  bodily  and  men  al  depressions  tend 
n  some  way  to  revive  the  vitalities  of  latent  malarial  parasite  and 
brinTabout^  relapses  ;  hence  the  necessity  of  comple  ely  e;-adicating 
malarial  parasites  once  infection  has  occurred  by  a  prolonged  cou.se  of 
quinine. 

There  ,s  no  doubt  that  persons  in  good  health  ^.^^-''^f '^1^^ 
ing  off  a  mild  infection  of  malaria  without  Ff  '  ^h:nnenin"  Tn 
manifestations  of  such  infection.  This  is  constantly  happening  in 
malarious  districts  even  without  quinine  prophylaxis. 

Imnoverishment.-The  food  of  the  population  is  important  in  main- 
taining rcrnSoTnutrition  that  will  give  the  body  a  certai~ 
of  vital  resistance  against  the  multiplication  «f  ^^f'^^^^^J^",  ^J^' ^ ' 
these  reach  the  blood.    The  question  as  to  the  best  ^^^y^!  J 
nrosperity  of  the  poorer  classes  of  villagers  is  one  deserving  P^t^^^ 
ElToi?   In  this  connection  it  is  necessary  to  say  that  a  sufficient 
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quantity  of  wholesome  food  can  be  insured  by  a  minimum  wage  for  all 
labourers,  being  enforced  on  all  contractors  and  other  employers  of  coolie 
labour.  This  would  of  course  affect  village  populations  carrying  on 
agricultural  work  to  only  a  slight  extent,  but  it  would  affect  a  very 
important  class  of  labourers  through  whom  malaria  is  to  some  consider- 
able extent  disseminated  and  maintained  in  this  country. 


Defective  hygiene. — Defective  hygienic  conditions  are  import- 
ant predisposing  causes.  Houses  that  are  small,  damp,  dark,  ill-venti- 
lated and  dirty,  are  specially  favoured  by  mosquitoes.  The  small,  damp 
thatch  or  bamboo  huts  without  windows  of  most  villages  are  examples. 
Large  houses  with  lofty  rooms,  good  ventilation,  abundance  of  light  and 
all  sanitary  needs,  considerably  reduce  the  possibility  of  infection. 

The  enormous  outbreaks  of  malarial  fevers  that  occur  amongst 
coolies  on  canal  irrigation  works  are  largely  fostered  by  the  unwholesome 
conditions  under  which  they  live — huddled  together  in  small  chcfp- 
par  huts,  scantily  clothed,  with  meagre  food  of  small  nutritive  value, 
and  exposed  to  night  chills.  This  is  a  very  prevalent  combination  of 
conditions  amongst  large  gangs  of  workmen  in  this  country. 

Previous  attacks  of  malaria.— Previous  attacks  of  malaria  predis- 
pose to  further  attacks  from  slight  causes.  A  simple  catarrh,  indigestion, 
a  hard  day's  work,  a  cold  bath,  and  even  change  to  a  colder  and  more 
salubrious  locality,  may  bring  on  an  attack.  Most  of  such  cases  are  in 
all  probability  relapses  and  not  new  infections.  When  any  length  of 
time  has  elapsed  since  leaving  the  malarious  place,  as  on  the  voyage 
home,  after  arrival  in  Europe,  or  in  a  non-malarious  hill  station, 
etc.,  and  an  attack  occurs,  this  is,  in  the  majority  of  such  cases,  a  relapse! 
Absolute  and  permanent  freedom  from  relapses  cannot  be  assured  for  a 
year  or  more  of  freedom  from  the  last  malarial  infection.  Occasionally 
relapses  are  stimulated  by  "  water  cures,"  Men  sometimes  get  their  first 
relapses  at  Carlsbad  after  leaving  this  country— the  baths  in  some  way 
re-invigorating  latent  malarial  parasites. 

Time  of  day.— It  is  well  recognised  that  the  risks  of  malarial 
infection  are  (greater  during  the  night,  which  is  now  explained  by  the 
infection  through  anophelines  usually  occurring  at  that  time,  as  these 
insects  are  mainly  nocturnal  in  their  attacks  on  man. 


E.— Role  of  Man  in  the  Disthibution  of  Malaria. 

Effects  of  aggregation  of  large  gangs  of  labourers  on  engineering 
works.-lu  this  fcection  one  proposes  to  deal  with  the  manner  in  which 
human  agency  is  to  a  large  extent  responsible  for  the  distribution  of 
malaria  in  India.  The  role  of  man  in  the  distribution  of  malaria  is  one  of 
paramount  importance  in  the  epidemiology  and  prevention  of  malaria  in 
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this  country.*  The  rapid  expansion  of  traffic  and  facilities  for  travel  by 
rail  have  had  something  to  do  with  this,  but  the  chief  factor  has  been  the 
aggregation  of  enormous  gangs  of  labourers  in  the  construction  of  railway 
embankments,  the  making  of  public  highways,  irrigation  canals,  expan- 
sion of  industrial  works  generally,  collections  of  famine  relief  labourers, 
extension  of  towns,  etc.  In  all  such  collections  there  are  gathered 
together  a  fair  proportion  of  persons  suffering  from  malarial  infection, 
recent  or  remote.  When  during  the  malarial  season  this  infection  spreads 
rapidly,  the  labourers  are  rendered  hors  de  combat,  go  to  their  homes, 
and  are  recruited  by  others  who  later  become  victims.  We  may  assume 
that  in  all  places  where  such  works  are  instituted  anophelines  are 
already  in  existence.  Soon  after  the  opening  of  such  works,  conditions 
are  created  which  give  facilities  for  multiplication  of  anophelines.  In 
the  gathering  together  of  this  class,  who  are  usually  in  a  state  of 
physiological  poverty  and  little  capable  of  resisting  malarial  infection, 
we  combine  the  conditions  that  lead  to  a  rapid  ditfusion  and  intensi- 
fication of  such  infection. 

In  the  production  of  malarial  fevers  in  man  three  agencies  are 
necessary — susceptible  human  beings,  certain  species  of  anophelines  and 
malarial  parasites.  In  endemic  malarial  places  these  three  are  as  a 
rule  abundantly  present  during  the  malarial  season,  and  in  general 
terms  it  may  be  said  that  the  intensity  of  the  endemicity  varies  with 
the  relative  numbers  of  these  co-existing  agencies.  It  is  easy  to  quote 
instances  in  which  there  are  comparatively  few  mahu-ia-carrying 
anophelines  with  a  moderately  severe  endemicity,  e.g.,  in  localities  where 
there  is  a  large  number  of  susceptible  persons  ;  or  places  where  there 
are  numerous  malaria-bearing  anophelines  with  a  low  endemic  malarial 
index,  e.g.,  where  there  are  few  susceptible  persona. 

The  great  epidemics  of  malaria  in  India  Iiave  been  associated  with 
one  of  many  circumstances,  such  as  great  overflowing  of  rivers,  heavy 
rainy  seasons,  great  expansions  of  irrigation  works,  famine  relief  works, 
unusual  activity  in  railway  extension  and  industrial  expansion  generally. 
Except  in  the  first  two  of  these  conditions,  there  is  invariably  gathered 
together  a  large  amount  of  coolie  labour.  "  Labour  aggregation  with  all 
its  attendant  conditions  appears  in  this  province  (Bengal)  at  least,  to 
supply  the  key  to  the  riddle  of  epidemic  malaria,  in  which  it  seems  to 
have  played  a  part  far  more  important  than  movement  of  populations 
or  general  scarcity  and  want."    (Christophers  and  Bentley.) 

In  India  all  such  works  as  clearing  of  primoeval  forests,  turning  over 
of  virgin  soil,  earthworks  in  general,  construction  of  canals,  dams, 
railway  embankments,  highways,  forts,  building  of  harbours,  fortifica- 
tions, barracks,  and  large  industrial  works  generally— whenever  there  is 

»For  a  complete  and  comprehensive  review  of  this  aspect  of  the  epidemiology 
of  malaria,  see  paper  by  Captain  S.  R.  Chuistophkrs,  I.M.S.,  and  Dr.  Ukntley 
read  before  the  Bombay  Medical  Congress  in  February  1909. 
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an  aggregation  of  coolie  labour  on  large  engineering  or  other  works, 
there  we  see  that  n  alaria  rapidly  disseminates  amongst  the  coolies, 
during  the  malarial  season. 

The  more  malarious  a  centre  in  which  works  are  in  progress  the 
more  the  casualties  from  death,  sickness,  return  of  coolies  to  their 
homes,  desertion,  etc.  To  keep  up  the  strength  new-comers  are 
enrolled  who  fall  victims,  and  so  malarial  infection  is  kept  up. 

Anyone  who  has  seen  a  big  canal  irrigation  work,  or  a  railway 
embankment  in  process  of  construction,  can  comprehend  what  is 
meant.  Here  we  have  large  numbers  of  people  in  the  depths  of 
poverty  and  lowered  physiological  resistance,  living  in  destitution 
and  dirt,  working  hard,  many  harbouring  malarial  parasites,  and  all 
exposed  to  the  attacks  of  infected  anophelines.  Here  we  have  an 
accumulation  of  circumstances  which  are  largely  responsible  for  the 
intensity  attained  by  malaria  wherever  the  undertaking  of  large  projects 
in  a  malarious  district  involves  the  employment  of  numerous  labourers 
and  the  establishment  of  labour  camps,  tinder  these  conditions  we  are 
not  surprised  to  find  the  malarial  incidence  very  high  and  the  virulence 
of  the  infection  unusually  great.  This  is  the  condition  that  is  in 
constant  operation  in  various  parts  of  this  country.  From  these  viru- 
lently malarial  camps  malaria  is  disseminated  in  all  directions  when 
the  victims  return  to  their  homes.  It  is  from  the  crowds  of  these 
camps  that  a  considerable  amount  of  residual  malaria  continues  to 
maintain  malaria  during  the  non-malarious  season,  and  from  them 
the  newly-born  anophelines  of  the  monsoons  begin  diffusing  malarial 
infection  wholesale. 

The  dispersion  of  these  coolies  during  the  continuance  of  the 
works  from  sickness  and  their  final  dispersion  on  the  completion  of 
the  works,  disseminates  the  malarial  germs  to  other  areas  where  in  all 
probability  there  are  mahiria-carrying  anophelines.  This  is  going  on 
continuously  in  this  country. 

Effects  of  famine  relief  works.— i'^ani?:'M,e6'  are  specially  prone  to 
efiFect  a  devastation  of  the  population  through  malarial  diseases,  for  the 
impoverished  physiological  condition  of  the  people  permits  of  malarial 
parasites  producing  their  worst  effects,  and  this  occurs  at  a  time 
when,  as  a  rule,  little  can  be  done  to  keep  malarial  infpction  in  check 
The  large  collections  of  coolies  that  occur  in  all  famine  relief  works 
are  fruitful  in  effecting  a  dissemination  and  intensification  of  malaria 
by  reason  of  a  high  degree  of  susceptibility  to  infection. 

.  Effects  of  railNvay  construction.  -The  construction  of  railways  ^n 
India  has  largely  helped  to  maintain  and  disseminate  malaria,  and  some 
districts  previously  only  mildly  malarious  have  been  rendered  severely  so 
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by  railway  works.    This  is  uot  exceptional  to  India,  it  has  had  the  same 
effect  in  all  countries  where  malaria  is  endemic. 

The  construction  of  railways  operates  in  two  ways— by  the  formation 
of  borrow-pits  which  are  favourite  breeding  places  of  anophelines,  and  by 
the  embankments  which  tend  to  intercept  the  flow  of  subsoil  water 
which  would  naturally  flow  into  lower  lands  and  find  its  way  to  natural 
water-courses.  Rain  falling  on  to  the  embankment  and  draining  into 
the  borrow-pits  helps  to  keep  these  latter  charged  with  water.  Railways 
in  India  were  of  course  started  long  before  we  understood  how  malaria 
was  disseminated  by  anophelines,  but  not  before  we  knew  that  all 
engineering  works  interfering  with  subsoil  water  drainage  gave  rise  to 
increased  unhealthiness. 

One  of  the  most  important  points  in  connection  with  railway  con- 
struction is  the  filling  up  or  draining  of  all  borrow-pits.  The  task  is 
Herculean,  but  it  is  of  importance  that  it  should  be  carried  out.  I  he 
drainage  could  be  effected  readily  by  a  general  levelhng  of  the  pits  and 
a  rough  canalisation  of  areas  between  them  effecting  a  dmmage  of 
accumulated  waters  to  lower  levels.  The  amount  of  coolie  labour 
always  available  in  the  permanent-way  establishment  of  railways  should 
make  this  an  inexpensive  operation. 

There  is  a  third  factor  in  operation  while  railways  are  under 
construction-the  aggregation  of  labourers  many  of  whona  are  already 
infected  with  malaria.  Such  cases,  with  the  presence  of  malaria- 
carrying  anophelines,  rapidly  diffuse  the  disease  amongst  the  non- 
infeited,  malarial  infection  becomes  widespread,  and  so  the  infection 

s  maintained.  As  there  are  many  thousands  of  P-ple  cons  antly 
so  employed  in  India,  and  as  such  employment  has  gone  on  for  the 

ast  fiC  years,  the  influence  of  this  factor  in  the  perpetuation  of 
malada  in  India  is  considerable.  It  should  be  a  fundamental  hygi  nic 
minciple  in  the  construction  of  all  new  railways  in  India  that 
?hree    mportant  factors-creation  of  borrow-pits,  obstructing  the  flow 

some  initial  extra  labour. 

Efiects  of  irrigation  canal  works.-In  the  construction  of  irn- 
Enects  oiiiixg  addition  to  the  susceptible  labourers,  who 

are  emplo> ed  on  tn  ^^^^.^^  disseminated  throughout  the 

r  Ht  in  whilh  tf  e  maYn\^  of  the  malarial  parasite  is  perma- 

[  f  Ucu^ed  by  tirvast  number  of  breeding  grounds  created  for 
"ZM^e  tZ^^^  water  level  and  consequent 

formS  of  pools°of  waterin  the  whole  of  the  irrigated  area. 
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One  was  encamped  at  Madhopur  during  a  malarious  season  ;  that 
station  forms  the  head  of  the  Bai  i  Doab  irrigation  works  ;  every  house  and 
hut  was  full  of  malaria-carrying  anophelines.  These  canals  irrigated  the 
fields  connected  with  villages  for  hundreds  of  square  miles ;  the  water 
in  the  fields  around  villages  was  bubbling  to  the  surface  in  hundreds 
of  places ;  there  was  no  provision  for  drainage  of  the  subsoil.  The 
extent  of  the  malaria  that  existed  in  this  camp  is  referred  to  on  page  28. 
In  such  an  instance  as  this  no  malariologist  would  recommend  that 
any  radical  efforts  to  exterminate  mosquitoes  be  made.  Here  he 
would  advise  mechanical  protection  ft-om  mosquitoes  by  some  means, 
isolatien  of  infected  persons,  and  quinine  prophylaxis.  In  all  such  cases 
there  are  not  only  hundreds  of  breeding  pools  but  new  ones  are 
cropping  up  continually  in  unexpected  places. 

Efifects  of  road-making. — Collections  of  coolies  in  connection  with 
road  construction  operate  in  distributing  malaria  in  the  same  way  as 
does  the  making  of  railway  embankments,  although  to  a  less  extent, 
as  the  size  of  the  camps  is  smaller.  The  making  of  roads  aflfects  malaria 
in  other  ways,  which  it  is  convenient  lo  consider  here.  Road  making  is  a 
prolific  source  of  breeding  grounds  for  mosquitoes.  This  is  especially  so 
in  extensive  roads  on  the  flat  country  along  the  larger  rivers  (Ganges, 
Jumna,  Brahmaputra,  etc.)  and  along  the  sea  coast.  They  create  these 
breeding  spots  by  the  formation  of  "  borrow-pits"  (excavations  formed 
by  removing  earth  for  raising  the  level  of  the  roads  above  the  surround- 
ing  areas),  *  and,  when  finished,  the  roads  interfere  with  the  proper 
surface  drainage  and  raise  the  subsoil  water  level. 

These  excavations  become  veritable  nurseries  for  mosquitoes,  the 
first  fall  of  rfiin  filling  them  ;  they  become  reservoirs  of  stagnant  water 
that  fill  with  wild  grasses,  weeds,  and  vegetation  generally,  which  give 
cover  to  larvae  and  permit  of  their  multiplication  without  hindrance. 
These  are  amongst  the  most  popular  breeding  grounds  of  anophelines. 
All  houses  or  huts  within  the  radius  of  flight  of  anophelines  from 
the  roads  may  therefore  be  invaded  by  malaria-carrying  mosquitoes. 
Borrow-pits  from  road-making  form  one  of  the  main  sources  of 
malaria-carrying  anophelines  throughout  this  country  and  they  can  be 
legitimately  incriminated  in  the  production  of  a  vast  amount  of 
malaria.  This  has  gone  on  for  generations.  In  all  villages  along  such 
roads  there  are  never  wanting  cases  of  malarial  infection  to  perpetuate 
the  different  species  of  malarial  organisms.  The  process  of  its  dissemi- 
nation requires  no  description. 

One  would  here  inveigh  as  forcibly  as  words  can  express  against 
the  wantonness  of  such  indiscriminate  disruption  of  the  soil  level  in 

*  Borrow-pits  on  roads  and  along  railway  lines  are  rectangular  e.xcavations 
running  in  a  coutinuous  chain  along  one  side  (or  both  sides)  of  the  road  or  line 
usually  having  a  column  of  earth  near  the  centre  of  each  pit  to  show  the  depth 
of  the  earth  removed,  and  enable  the  contractor  to  calculate  the  quantity  of  earth 
used  in  the  roadway  or  railway  embankment. 
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road-making.  It  should  be  rendered  an  illegal  proceeding.  It  should  be 
legislated  on  as  strictly  as  has  lately  been  done  in  the  whole  of  the 
Panama  Canal  Zone  with  such  successful  results. 

When  roads  in  India  interfere  with  land  drainage  they  necessarily 
raise  the  level  of  ground  water,  and  as  a  result  increase  the  breeding  of 
mosquitoes,  and,  through  the  latter,  increase  the  prevalence  of  malaria. 
All  borrow-pits  at  the  sides  of  roads  and  along  railway  lines  are 
injurious  to  public  health  and  in  India  a  general  source  of  malaria. 

There  is  scarcely  a  village  in  the  whole  of  India  that  is  not 
surrounded  by  its  borrow-pits  ;  in  most  of  them  such  pits  are  to  be 
found  scarring  the  interior  of  the  village  also.  These  have  been  created 
by  the  villagers  themselves  by  excavating  the  soil  for  making  mud 
walls  or  sun-dried  bricks  for  building  purposes. 

The  manner  in  which  malaria  may  be  considerably  reduced  amongst 
gangs  of  labourers  is  fully  dealt  with  in  Part  III. 

F.— Theories  of  Malarul  Infection. 

It  is  obvious  that  until  the  manner  in  which  malarial  infection 
was  brought  about  in  human  beings,  it  was  not  possible  to  formulate 
any  rational  basis  for  the  general  prophylaxis  of  malaria  An  enormous 
amount  of  work  was  done  after  the  discovery  of  malarial  parasites  in 
human  blood  with  the  view  to  solve  this  highly  important  question, 
and  this  work  has  resulted  in  a  solution  of  the  problem  by  a  complete 
demonstration  of  the  relationship  of  the  anopheline  cycle  to  nialarial 
parasites.  The  views  held  anterior  to  the  discovery  of  this  relationship 
are  in  many  ways  deserving  of  our  attention  ;  they  were  chiefly 
connected  with  the  conveyance  of  malaria  to  man  (1 )  through  air  and 
(2)  water. 

Air  theory  of  malarialinfection.— The  theory  that  the  "  poison," 
"  miasm,"  "  germs"  or  "  parasites  "  of  malaria  emanate  from  the  soil  to 
the  air,  and  gain  access  to  the  human  economy  through  the  respiratory 
tract,  is  the  oldest,  and  has,  throughout  the  history  of  malaria,  from 
ancient  to  comparatively  modern  times,  been  the  most  popular. 

Many  facts  are  antagonistic  to  the  air  theory.  It  has  long  been 
known  that  areas  of  severe  malarial  infection  and  those  of  practical 
immunity  may  be  in  proximity  to  one  another  ;  this  is  seen  in  certain 
districts  in  this  country  ;  in  the  same  town  one  part  may  be  malarious 
and  the  other  free  from  malaria;  the  people  on  one  side  or  end  of  a 
street  suffer  from  malaria  while  those  of  the  other  does  not  ;  that  rooms 
in  one  part  of  a  house  are  decidedly  more  malarious  than  the  other; 
that  areas  a  short  distance  from  and  above  an  unhealthy  swamp  may 
be  quite  free  from  malaria,  whilst,  those  on  a  level  with  and  close  to  it, 
are  very  malarious.  Every  experienced  medical  man  in  India  can 
Quote  instances  of  this  kind.  Again,  it  is  well  known  that  the  crews 
of  ships  anchored  near  malarious  places,  so  long  as  they  remain  on 
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board,  do  not  suffer  from  malaria,  provided  the  ship  is  a  few  hundred 
yards  or  so  from  the  shore.  We  have  the  frequently  quoted  case  of  the 
freedom  of  the  people  dwelling  in  the  Corso  in  Eome  being  free  from 
malaria,  whilst  those  living  outside  the  Porta  del  Popolo,  a  few  hundred 
yards  away,  suffering  severely  from  malarial  fevers.  Were  malaria 
carried  by  air  such  limited  localisations  of  the  infection  would  not  take 
place. 

The  air  of  malarious  regions  has  been  repeatedly  investigated  with 
the  view  to  discovering  the  presence  of  the  malarious  parasites.  Such 
observations  in  modern  times  have  invariably  been  negative. 

Water  theory  of  malarial  infection.— An  enormous  number  of 
so-called  facts  are  to  be  found  in  the  literature  of  the  epidemiology  of 
malaria  connecting  the  drinking  of  certain  waters  with  the  causation 
of  malarial  diseases.  Many  of  these  appear,  at  first  sig#fc,  to  be  convinc- 
ing, but  none  of  them  can  stand  scientific  criticism.  It  may  be  definitely 
stated  that  in  no  single  instance  has  malaria  been  produced  by  the 
drinking  of  contaminated  water.  The  proofs  adduced  in  support  of  the 
water  theory  are  not  scientifically  convincing.  Practically  all  the 
instances  advanced  can  be  explained  by  previous  infection  in  the 
malarial  district.  Some  of  the  instances  of  boardship  malaria,  such 
as  that  of  the  "  Argo,  "  may  be  explained  in  one  of  several  ways— that 
the  cases  were  not  malaria  at  all  (they  were  not  proved  to  be  so  by 
blood  examination),  or  that  malaria-infected  anophelines  were  on 
board,  or  that  persons  were  infected  before  going  to  sea. 

To  prove  that  water  can  convey  malaria  it  would  be  necessary 
to  export  the  malaria-conveying  water  from  the  malarious  district  to 
an  assured  non-malarious  district,  and  allow  persons,  who  are  known 
never  to  have  suffered  from  malaria  and  at  the  time  do  not  harbour 
malarial  parasites  in  their  blood,  to  drink  such  water.  If  at  the  end 
of  the  maximum  period  of  incubation  of  malarial  fevfers  such  persons 
did  not  suffer  from  pyrexial  phenomena  associated  with  malarial  nara 
sites  in  their  blood,  the  proof  would  fail.  A  successful  experiment  of  this 
kind  has  never  been  carried  out.  On  the  other  hand,  such  experiments 
have  on  several  occasions  been  carried  out  with  negative  results. 
_  Whilst  as  a  rule  in  large  towns  and  cities  in  malarial  districts  the 
introduction  of  a  public  water-supply  of  the  modern  description  materi- 
ally lowers  the  malarial  endemicity  (for  reasons  that  can  be  now  readilv 
explained),  there  are  several  instances  on  record  in  small  and  isolated 
places  in  malarious  districts  in  India  where  the  introduction  of  a  nure 
water-supply  has  not  been  followed  by  any  such  salutary  influence 
There  are  instances  m  which  the  introduction  of  a  wateV-suppW  not 
supplenaented  by  adequate  drainage  has  been  followed  by  an  increase  of 
the  malarial  incidence.  ^       i"oieat,e  or 

1°  view  of  all  we  know  of  the  malarial  parasite  we  cannot  believe 

Ih^l  oVlTblood!  '^^"^^  '  ^^-^^^-^"^^  considerably  beW 
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From  the  foregoing  statements  it  will  be  obvious  that  the  contri- 
butory epidemiological  factors  regarding  malaria  almost  completely 
coincide  with  the  mosquito-malaria  hypothesis.  There  are  a  few  gaps 
in  our  knowledge,  but  these  are  one  by  one  disappearing  under  further 
investigation.  There  are  diSerences  in  the  manner  in  which  these 
individual  factors  operate  in  different  places,  and  the  exact  relation- 
sliip  of  soil,  temperature,  and  rainfall  to  malaria,  can  only  be  worked  out 
by  an  extensive  inquiry  regarding  their  effects  in  particular  places 

Mosquito-malaria  hypothesis.— In  1894  Manson  definitely  for- 
mulated a  mosquito-  malaria  hypothesis,  his  argument  being  that  as 
the  protozoal  organism  of  malaria  is  a  parasite,  to  maintain  its 
existence  as  a  species  it  must  pass  from  host  to  host,  that  it  must 
at  one  phase  of  its  existence  live  outside  the  body  of  man.  Further, 
that  as  the  flagellated  body  of  the  male  malarial  parasites  does  not  come 
into  existence  until  the  blood  has  left  the  blood  vessels  and  is 
outside  the  humnn  body,  he  concluded  that  the  flagellated  body  was 
the  first  phase  of  the  life  of  the  parasite  outside  man.  As  the 
parasite  in  the  blood  of  man  is  intracorpuscular,  and  consequently 
incapable  of  leaving  the  body  spontaneously,  he  conceived  the  view  that 
it  was  received  by  some  blood-sucking  insect  common  in  the  regions 
where  malaria  was  endemic.  He  believed  this  insect  to  be  some  parti- 
cular genus  of  mosquito. 

In  1894,  Manson  suggested  to  Ronald  Ross  that  mosquitoes  took 
gametocytes  'into  their  body,  that  gametes  are  the  means  by  which 
mosquitoes  may  be  infected. 

Ronald  Ross  in  1895  demonstrated  the  fact  that  when  malig- 
nant tertian  blood  containing  crescents  is  ingested  by  a  mosquito,  a  large 
moportion  of  the  crescents  rapidly  proceed  to  form  microgametes  and 
to  throw  ont  flagella.  He  demonstrated  that  in  particular  species 
of  mosquitoes  fed  on  malaria  blood,  living  and  growing  malarial 
mra^tes  containing  melanin  are  to  be  found  embedded  in  the 
stoma  h  wal  of  th?  insects.  In  1897  he  also  demonstrated  that  if  a 
par^^cular  kind  of  mosquito  be  fed  on  the  blood  of  birds  containing  a 
malana-like  parasite  ^Proteosn^na),  the  parasite  enters  the  stomach 
wall  of  the  mosquito,  grows  and  sp^rulates  there  tha  the  resulting 
Tdo  ozoites  enter  the  salivary  glands  of  the  insect,  and  that  the  insect 

sTen  able  to  infect  other  birds.  He  showed  tha  only  particular 
species  of  mosquitoes  can  carry  this  special  avian  malarial  parasite  m 
this  way  and  that  the  particular  species  of  mosquito  was  not  efficient  as 

eiards^another  blood  parasite  of  birds,  viz.,  Hatteridium  or  regards 

hfmalada  parasite  ot"  man.  Ross  was  the  first  to  prove  both  by  analogy 
Ind  Ob  e  v^^^^^^^  that  the  phase  of  the  malarial,  parasite  outside  the^body 
m«    ^•^  T^assed  in  particular  species  of  mosquitoes,  and  inteirea 
iTthe  parS  is  Iran'sferred  fromSnan  to  man  by  the  mosquito. 

The  method  of  the  discovery  of  _  the  -mmunicabil^y  of  malaria 

from  man  to  man   by  anophehnes  is  one  of  the  most  piotounaiy 
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interesting  subjects  in  the  whole  history  of  medicine,  and  has  done 
more  than  any  other  discovery  to  stimulate  inquiry  into  the  various 
animal  parasites  communicable  to  man  through  insects  and  otherwise.* 
This  the  world  owes  to  Ronald  Ross. 

BiGNAMi  in  1898  gave  a3stivo-autumnal  malarial  fever  to  a  man 
by  allowing  auophelines  which  had  bitten  an  infected  individual  to  bite 
a  patient  who  had  never  had  malaria.  In  the  same  year  BiGNAMi, 
Bastienella  and  Gkassi,  caused  double  tertian  infection  in  man  by 
anopheline  bites.  In  1899  they  infected  Anopheles  maouHpennis 
with  quartan  parasites,  and  traced  the  stages  of  development  of  the 
parasite  in  this  mosquito. 

Gkassi  showed  that  several  species  of  anophelines  are  the  particular 
hosts  of  the  malarial  parasites  of  man.  He  traced  the  crescent  and 
spherical  gametocytes  through  the  mosquito  hosts,  and  found  that  in 
their  development  they  were  practically  identical  with  what  Ross  had 
shown  to  be  the  case  in  avian  malaria.  Grassi's  observations  were 
but  the  ultimate  stage  in  the  completion  of  Ross'  work. 

The  mosquito-malaria  hypothesis  explains  almost  all  the  epidemio- 
logical phenomena  connected  with  malarial  fevers — the  period  of 
incubation  in  the  mosquito  and  the  subsequent  period  of  incubation  in 
man  ;  there  is  a  complete  analogy  between  this  view  and  that  of  other 
infectious  diseases  such  as  yellow  fever,  relapsing  fever,  human 
trypanosomiasis,  and  tse-tse  fly  disease  in  animals,  etc. 

At  no  period  of  their  life-history  are  the  plasmodia  of  malaria  found 
apart  from  the  two  hosts — hence  the  old  theories  of  malaria  arising  from 
miasmata  in  air,  or  germs  in  soil  or  water,  are  mere  matters  of  history. 
This  is  of  importance  epidemiologically  as  it  excludes  the  necessity  of 
any  efforts  being  needed  to  attack  the  parasities  in  these  supposed 
sources. 

Anopheline.s  biting  patient.«  in  whom  only  the  schizogonoiis  or 
asexual  phase  of  the  parasite  is  in  progress,  is  not  capable  of  transmit- 
ting malaria— all  the  young,  intermediate,  and  sporulating  forms,  are 
disentegrated  and  digested  in  the  stomach  of  the  mosquito. 

In  malarious  places  during  the  endemic  season  there  are  malarial 
cases  and  always  a  number  of  malaria-carrying  auophelines  in  whose 
salivary  glands  sporozoites  are  to  be  found. 

Infected  anophelines  if  exported  from  endemic  malarial  localities 
to  non-endemic  places  and  made  to  bite  non-immune  persons,  produce 
malarial  fever.  The  experiment  of  transporting  malaria-infected 
anophelines  from  endemic  malarial  foci  to  non-malarious  places,  and 
inoculating  people  who  have  never  been  out  of  these  non-malarious 
places,  has  more  than  once  been  carried  out  successfully.  Celli's  cases  in 
Rome  is  an  instance  in  point.    The  city  of  Rome  itself  is  non-malarious 


*  D.  C.  Bees,  JUncydopcedia  Medica,  Vol.  VII,  Article  Malaria. 
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Infected  mosquitoes  transported  from  the  Campagna  have  produced 
malaria  in  persons  living  in  Rome,  The  cases  of  Dr.  Thorburn 
Manson,  and  Mr.  WauRkN  of  the  London  School  of  Tropical  Medicine,  are 
others.  These  were  inoculated  by  infected  anophelines  sent  from  the 
Roman  Campagna  and  acquired  malarial  fever  ;  Mr.  "Warren  had  not  been 
in  any  malarious  country,  and  Dr.  Manson  not  since  childhood. 

Malarial  fevers  have  been  said  to  be  endemic  in  places  where 
anophelines  do  not  exist.  This  statement  needs  actual  verification, 
and  so  far  as  the  question  has  been  investigated  scientifically  by  expert 
malariologists,  it  has  been  negatived.  The  work  of  Ross,  Stephens 
AND  ChristophkRS,  DanIELS,  Celli  and  others,  has  shown  that  where- 
ever  endemic  malaria  has  been  investigated,  there,  not  only  adult 
anophelines,  but  the  breeding  grounds  of  their  larva,  have  likewise  been 
discovered.  In  such  places  experts  have  sometimes  had  to  spend  days 
or  even  weeks  in  discovering  the  haunts  of  adult  anophelines  and  their 
breeding  grounds,  but  they  have  always  found  them  where  fresh  cases 
of  malaria  were  occurring.  In  a  recent  investigation  of  the  malaria  of  a 
large  district  during  the  m.alarious  season,  in  every  station  enquired 
into  one  found  infected  malaria-carrying  anophelines  in  the  huts  of 
natives,  and  larvse  of  corresponding  anophelines  in  breeding  places  in  the 
neighbourhood  of  these  huts. 

Gases  of  malaria  occur  at  sea  after  vessels  have  been  away  from 
malarial  places  for  weeks  or  months  ;  they  occur  in  the  highest  hill 
stations  in  India,  etc.,  where  no  anophelines  exist.  They  occur  in 
bodies  of  men  in  India  in  winter,  on  works  of  railway  embankments, 
canal  excavation  and  clearing,  in  soldiers,  etc.,  when  no  anophelines  are 
present.  All  such  cases  are  instances  of  relapses  of  malarial  fever  and 
not  fresh  infections.  Anophelines  were  in  the  first  instance,  in  all  such 
cases  implicated  in  inoculating  the  malarial  parasite.  There  are  also 
instances  where  the  patient  gets  his  first  attack  of  malarial  fever  remote 
from  anophelines.  This  is  especially  seen  in  persons  proceeding  home 
from  India  Some  people  live  for  years  in  this  country  without 
suffering  from  malarial  fever,  yet  on  going  to  sea  or  on  reaching 
Europe  or  not  for  some  months  after,  suffer  for  the  first  time. 
Manvsuch  cases  are  explained  by  the  fact  that  the  patients  had  been 
taking  quinine  while  in  the  endemic  malarial  locality  but  gave  it  up 
once  tbey  got  to  sea.  Such  cases  were  in  all  probability  the  victims 
of  malarial  infection  all  the  time,  the  quinine  used  kept  the  number 
of  mrasites  down  to  such  a  minimum  that  no  malarial  infection  was 
anmrent,  but  was  not  sufficient  to  eradicate  them.  On  discontinuing 
the  dru2  the  parasite,  no  longer  destroyed  or  limited  in  numbers  by  the 
nniniue  begin  to  multiply  unhindered  and  finally  cause  the  paroxysms. 
An  occ'asional  case  of  this  kind  may  arise  in  which  no  satisfactory 
explanation  can  be  arrived  at,  but  the  writer  has  not  during  tlie  last  ten 
tbat  is,  since  the  mosquito-borne  theory  of  malaria  become 
knowi,  met  <vith  such  a  case. 
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A  non-malarious  region,  having  certain  species  of  anophelines, 
remains  such  so  long  as  there  is  an  absence  of  malarial  infected 
human  beings.  With  the  accession  of  the  latter  a  healthy  place  may 
become  malarious.  A  mildly-malarious  region  contiguous  to  a  very 
malarious  one,  may,  during  epidemic  malaria  in  the  latter,  become  severely 
malarious  by  the  gradual  extension  of  the  habitat  of  malaria-infected 
anophelines.  This  occurs  during  every  year  of  severe  epidemic 
malaria  in  this  country. 

It  has  been  definitely  shown  that  (1)  the  extinction  of  anophelines 
in  a  malaria  district  practically  removes  malarial  infection ;  and  (2)  that 
the  rigid  use  of  mosquito  nets  or  dwelling  in  mosquito-proof  houses, 
without  any  other  prophylactic  measures,  is  capable  of  preventing 
malaria  in  the  most  virulent  malarial  districts. 

If  infected  anophelines  are  kept  from  biting  healthy  persons  mala- 
ria does  not  occur  in  the  latter.  Drs.  Low,  Sambon  and  Rees,  of  the  Lon- 
don School  of  Tropical  Medicine,  had  constructed  in  one  of  the  most 
malarious  portions  of  the  swamp  land  of  the  Eoman  Carapagna,  a  small 
house  that  was  thoroughly  protected  by  mosquito-proof  wire-gauze  doors 
and  windows.  The  house  was  occupied  by  a  number  of  people,  during  the 
malarious  season  and  the  breeding  time  of  anophelines,  whose  movements 
were  not  restricted  except  that  they  entered  the  house  every  evening  at 
sundown  and  remained  inside  during  the  daylight.  The  night  air  was 
admitted  freely,  and  during  the  rainy  season  the  experimenters  purposely 
got  repeated  soakings  in  the  rain.  They  did  not  take  quinine  prophylacti- 
cally.  None  contracted  malaria,  whilst  their  neighbours,  who  were  not 
protected  from  mosquitoes,  suffered  severely. 

T  species  of  anophelines  are  natural  carriers  of  malaria  in 

India. -bo  far  only  four  species  of  anophelines  are  found  to  be  natural 
carriers  of  malaria.  It  is  probable  that  certain  others  of  the  indigenous 
anophelines  will  in  the  future  be  found  to  be  malaria-carriers,  and  it  is 
also  probable  that  some  of  them  will  not.  It  is  possible  that  in  the  case  of 
some  of  these  latter  they  have,  by  centuries  of  repeated  infection,  worked 
out  tor  themselves  a  complete  racial  immunity  to  the  sporogonous  cycle 
ot  the  Plasmodia  of  malaria.  It  may  also  be  that  in  India  such  possible 
immunity  in  some  anophelines  explains  why  in  certain  districts  with 
known  malaria-carrying  anophelines,  malaria  has  not  acquired  anything 
like_perm_anentendemicity,thatis,  that  anophelines  known  to  be  malaria- 
carriers  m  one  district  may  not  be  so  in  other  remote  districts  by 
reason  ot  the  acquired  racial  immunity.  These  hypotheses,  carried 
to  a  less  extent,  may  be  the  explanation  of  the  different  degrees  of 
variation  m  prevalence  in  parts  of  the  same  locality.  Anophelines,  we 
know,  are  more  or  less  local  in  their  habits. 

va.      ^'possible  also-that  there  are  in  malaria-carrying  anophelines 
ZSl  TV'  ^^-Pfbility  to  infection  by  the%eSual  f^rm  o 
TuTlh  We  know  that  a  degree  of  relative  immunity  to 

tue  schozogonous  phases  of  malarial  parasites  may  be  acquired  by  man 
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living  continuously  in  endemic  malarious  places.    It  is  reasonable  to 
suppose  that  the  mosquito  through  generations  of  infection  may  also 
acquire  some  degree  of  insusceptibility,  if  not  of  acquired  immunity. 
It  is  certain  that  experimenters  with  malaria-carrying  anopheliues  have 
met  with  very  varying  degrees  of  success  in  their  experimental  malarial 
inoculations,  that  the  percentage  of  known  anopheliue  malaria-carriers 
that  can  be  infected  varies  within  wide  limits,  and  that  in  many 
instances  they  have  completely  failed.    Such  hypotheses  as  these  can 
only  be  tested  by  prolonged  and  laborious  investigations  connected  with 
such  points  carried  out  in  the  endemic  areas.    SCHA-UDINN  believed 
that  certain  species  of  anophelines  may  be  naturally  immune  against 
malarial  parasites.    Such  an  immunity  if  acquired  by  a  whole  species 
would  account  for  malarial  diseases  having  died  out  in  localities  where 
it  was  formerly  abundant  as  in  the  Eastern  Counties  of  England, 
where  A.  macuiipennis,  a  known  malaria-carrier,  is  still  to  be  found. 

The  same  conditions  that  cause  a  reduction  in  tiie  incidence  of 
malaria  in  an  endemic  area — judicious  cultivation,  drainage,  etc., 
reduced  likewise  the  prevalence  of  mosquitoes.  — (La VERAN). 

It  is  now  satisfactorily  proved  that  uninhabited  regions,  although 
they  may  be  densel;y  populated  by  anophelines,  are  free  from  risks  as 
'regards  malarial  infection.  "  Infected  mosquitoes  occur  only  m  the 
immediate  neighbourhood  of  settlements  of  infected  individuals. 
Members  of  exploring  expeditions  have  often  remained  free  from 
malarial  disease  so  long  as  they  have  been  in  regions  remote  from  such 
settlements.  Sailors  who  do  not  go  ashore  in  endemic  malarial  places 
escape  malarial  fever  because  they  have  not  been  bitten  by  malaria- 
infected  mosquitoes. 

The  long  known  view  that  exposure  in  the  evening,  at  night  and 
in  the  early  morning,  in  endemic  malarious  places  is  dangerous,  is  now 
fully  explained  by  the  nocturnal  habits  of  anophelines. 

From  their  structure,  vast  numbers,  and  ability  to  fly,  mosquitoes 
are  endowed  with  potentialities  which  facilitate  their  dissemination 
of  disease. 

There  are  some  places  where  endemic  malaria  is  strictly  l|>^ited 
to  the  areas  in  which  anophelines  are  found:  this  is  especially  the 
case  whe'^,  say  of  two  villages,  one  on  highland  and  the  other  at  the  foo 
of  hiUs  the  people  of  the  latter  only  suffer  from  ma  anal  ^"^^tions    I  his 
was  fo^ibly  impressed  on  one  in  Manipur.  where  there  are  Naga  village 
L  the  spurns  and  tops  of  some  low  hills  in  which  the  people  did  not  suffei 
from  malarial  fevers,  whereas,  in  the  villages  at  the  foot  of  the  hills  only 
300  0^400  feet  below,  the  endemic  malarial  index  was  m  some  case  a 
Wh  as  73  per  cent.    In  Constantine,  Algiers,  mosquitoes  and  malana 
iver  occur  in  the  valley  of  the  Runniel  and  are  absen    on  the  high 
ntrtr  of  the  town.    This  is  also  particularly  seen  in  the  Campagna 
feo^^'ana  where  virulent  malaria  exists,  whilst  in  Rome  close  by,  there 
i^Ze         e  small  Island  of  Chole,  in  German  East  Africa,  is  free  from 
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malaria  whilst  the  adjacent  mainland  is  malarious.  The  Island  of  St. 
Lucia  is  malarious  and  anophelines  are  in  abundance  ;  the  Islands  of 
Barbadoes  and  Bermuda,  in  the  same  geographical  regions,  have  neither 
malaria  nor  anophelines. 

The  fact  that  malarial  fevers  do  not  begin  to  occur  in  large 
numbers  until  a  month  after  the  rains  have  commenced  (and  consequently 
when  anophelines  are  found  in  large  numbers),  bears  out,  if  any 
other  evidence  were  necessary,  the  part  that  these  mosquitoes  play  in 
the  transmission  of  malaria.  When  fresh  infections  of  malarial  fevers 
once  begin  the  number  of  persons  infected  grows  apace,  and  they  do  so 
in  proportion  to  the  number  of  infected  anophelines. 

The  period  of  the  commencement  of  the  regular  malarious  season 
is  about  oO  odd  days  after  the  beginning  of  the  rains  — this  is 
allowing  14  days  for  festvated  anophelines  to  breed  a  new  generation 
of  winged  insects,  10  days  for  infected  young  anophelines  to  infect 
man,  and  6  to  10  days  for  the  parasites  inoculated  into  man  to  multiply 
sufficiently  to  give  rise  to  paroxysms  of  malaria.  There  is  some  evidence 
to  the  effect  that  anophelines  which  become  infected  during  the  spring 
may  infect  man  after  estivation  — the  same  possibly  holds  good  regard- 
ing infected  hibernating  anophelines  after  they  come  forth  in  spring. 

A  large  number  of  infected  anophelines  continue  to  live  and  thrive 
for  a  fairiy  long  time  after  conditions  favouring  the  breeding  of  mosquitoes 
no  longer  exist.  Consequently  fresh  infections  of  malarial  fevers  continue 
until  the  commencement  of  the  cold  weather.  Anophelines  have  been 
known  to  infect  man  in  Northern  India  (Attock)  as  late  as  the  14th 
November.  When  the  cold  weather  has  really  set  in  gametes  of  malaria 
can  no  longer  continue  to  develop  in  the  m.osquito  and  fresh  infections 
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'  It  IS  generally  quite  possible  to  give  a  fair  idea  of  the  monthly 
distribution  of  rainfall  in  any  warm  climate  from  the  returns  of 
sickness  and  mortality  and  vice  versa"* 

That  the  mosquito  is  the  medium  through  which  malaria  is  trans- 
mitted from  man  to  man  is  now  a  recognised  fact  and  not  a  problematic 
hypothesis.  All  stages  of  the  life  cycle  of  all  known  varieties  of  malarial 
parasites  have  been  followed  in  the  human  being  and  in  the  dififerent 
species  of  anophelines  that  transmit  malaria  from  man  to  man 
Healthy  men  cannot  infect  anophelines  that  have  been  bred  from  ova' 
larva  or  pupa.  ' 

The  anopheline  factor  does  not  altogther  explain  the  absence,  fluctua- 
tions and  relative  intensity  of  malaria  in  certain  areas,  nor  does  it 
alone  always  afford  a  satisfactory  reason  for  the  occurrence  of  epidemics 
or  the  permanent  exultation  of  malaria  characteristic  of  certain  areas. 

There  may  be  abundant  anophelines  with  few  cases  of  malarial  fever 
or  a  large  number   of  malarial  fever  cases    with  few  anophelines. 

*  GiLKs,  CH7nate  and  Health  in  Hot  Gotmtrks,  p.  106,     '  ' 
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These  are  points  in  the  epidemiology  still  requiring  investigation.  In 
a  later  Section  an  attempt  is  made  to  explain  the  reasons  for  such 
occurrences. 

We  may  now  state  that  practically  all  the  main  facts  connected 
with  the  epidemiology  of  malarial  fevers  are  explained  satisfactorily 
by  the  dissemination  of  malarial  infection  through  certain  anophelines. 
No  solid  proof  is  yet  to  hand  to  show  that  malarial  fevers  are  produced 
in  any  other  definite  way.  The  cases  cited  of  people  acquiring  malarial 
fever  the  day  they  arrive  in  a  reputedly  malarious  place  cannot  bear 
scientific  examination  ;  in  such  instances  it  is  possible  that  malarial 
infection  was  due  to  previous  mosquito  bites  of  which  the  patient  was 
unconscious,  or  that  they  were  relapses,  or  that  these  cases  were 
some  other  form  of  fever. 

The  discovery  of  the  fact  that  anophelines  convey  malaria  was 
not  made  in  a  day  ;  it  was  not  the  result  of  any  sudden  inspiration,  nor 
does  it  depend  on  any  superficial  considerations.  Each  link  of  the  chain 
of  evidence  has  been  carefully  examined  and  the  conclusion  is  firmly 
based  on  num.bers  of  experiments  and  observations  by  many  investiga- 
tors and  trained  experts  with  scientific  minds. 

DEFINITIVE  HOSTS  OF  HUMAN  MALARIAL  PARASITES. 

A.— Indian  Mosquitoes  and  their  Habits. 

Factors  required  to  produce  malaria  :— (1)  Anopheline  mos- 
quitoes.—As  far  as  we  know  no  other  forms  of  mosquitoes,  or  other 
insects,  can  act  as  carriers,  though  we  have  still  to  admit  the  possibility 
of  such  an  occurrence  until  the  subject  is  worked  out. 

(2)  The  present  or  recent  existence  of  cases  of  malarial  fever — 
including  relapses  and  cases  of  malarial  infection  acquired  in  other 
regions  who  have  come  to  the  district. 

■  (3)  External 'physical  conditions— cW-VUdXe,  moisture,  temperature, 
and  season  favouring  the  attacks  of  the  mosquito,  suitable  for  its  infec- 
tion, and  for  further  development  of  the  sexual  form  of  the  malarial 
parasite. 

(4)  Susceptibility  of  the  onosquito  and  of  the  individual  bitten 
to  infection.  * 

In  the  absence  of  any  one  of  these  conditions  an  outbreak  of  malaria 
is,  as  far  as  we  know  at  present,  impossible.  There  are  many  places 
wbere  anophelines  exist  without  malaria  ;  others  in  which  there  is  no 
malaria  at  particular  seasons,  because  the  conditions  at  these  seasons 
are  unfavourable  to  the  development  of  the  mature  forms  of  the  parasite, 

or  the  gnats  do  not  bite.   

*  THEYERin  Allbutt  and  Rolleston's  System,  of  Medicine,  Vol.  II,  Fart  II,  p.  243. 


45 


As  far  as  we  know  malaria  is  not  acquired  in  uninhabited  places  ; 
and  it  certainly  has  not  been  proved  to  do  so.  There  is  no  spontaneous 
generation  of  malaria  anywhere.  Certain  factors  must  be  present 
whenever  it  is  met  with. 

In  the  foregoing  pages  facts  in  proof  of  these  statements  were 
brought  forward. 

Accepting  these  scientific  views  as  to  the  nature  of  malarial 
infection,  we  also  recognise  that  there  must  always  be  a  period  of  incu- 
bation in  malarial  fevers  after  the  bite  of  infected  mosquitoes,  just  as 
we  know  there  is  in  yellow  fever  after  the  bite  of  the  infected  Stegomyia 
fasciata,  and  in  sleeping  sickness  after  the  introduction  of  the  Trypano- 
soma gambiense  by  the  Qlossina  palpalis. 

There  is  still  some  difficulty  in  persuading  many  intelligent  officials 
that  the  malaria-carrying  power  of  mosquitoes  lies  at  the  foundation  of 
our  known  anti-malarial  measures.  One  is  constantly  meeting  military 
and  civilian  officers  who  express  incredulity  regarding  the  relation- 
ship between  malaria  and  anophelines. 

Importance  of  the  study  of  the  life-history  of  m.osqmtoes. — The 

study  of  the  life-history  of  mosquitoes  is  very  important  in  this 
country,  considering  that  many  kinds  of  mosquitoes  may  be  the 
carriers  of  parasites.  The  part  played  by  them  in  the  dissemination 
of  certain  special  diseases  are  of  great  significance  to  the  medical  officer. 
They  not  only  convey  the  germs  of  certain  diseases,  but  assume  the 
role  of  host  in  whom  diseased  micro-organisms  pass  part  of  their  life  cycle. 
Mosquitoes  are  important  factors  in  connection  vdth  malarial  fevers, 
yellow  fever,  filariasis  and  possibly  dengue  and  other  diseases.  Whilst  the 
manner  in  which  the  mosquito  is  concerned  with  the  dissemination  of 
yellow  fever  is  still  sub  judice,  its  relations  to  malarial  fevers  and  filariasis 
are  definitely  known.  Hence  much  attention  has  been  given  to  the 
life-history,  habits,  and  structure  of  gnats  in  recent  times  in  India. 

Anophelines  the  only  known  carriers  of  malaria. — There  is 
no  evidence  at  present  that  other  mosquitoes  than  anophelines  can  act 
as  hosts  of  malarial  parasites.  We  cannot  definitely  assert  that  some 
species  of  Culex,  and  even  some  of  the  genus  Stegomyia,  which  are  so 
universally  represented  in  this  country,  may  not  be  carriers  of  malaria ; 
we  know  positively  that  certain  species  of  Culex  cannot  carry  human 
malaria,  and  none  have  so  far  been  shown  to  be  malaria-carriers. 

Number  of  known  species  of  mosquitoes.— About  800  mosqui- 
toes have  been  classified  and  described.  Comparatively  few  only  of 
those  are  connected  with  disease.  The  vast  majority  are  wild  or 
sylvan  mosquitoes,  and,  as  would  be  expected,  their  habits  are  not  so 
well  known  as  the  domestic  kinds.  Up  to  the  present  altogether  about 
119  species  of  Anophelina,  including  27  species  in  India,  have  been 
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described.  Some  of  these  are  of  a  doubtful  nature,  and  some  two 
dozens  are  founded  on  very  uncertain  characters,  and  will  probably 
prove  to  be  merely  varieties  of  other  species. 

Basis  of  classification  of  mosquitoes.— In  the  early  days  of 
mosquito  investigation,  and  when  there  were  only  three  genera, 
the  classification  was  based  on  the  characters  of  the  palpi — that  in 
both  male  and  female  Anopheles  being  long,  in  Culex  the  male  long 
and  female  short,  and  in  Aedis  in  both  sexes  short.  It  was  subse- 
quently found  when  many  fresh  genera  were  created,  that  palpal  charac- 
ters are  insufficient  for  a  classification,  although  for  individual  peculiari- 
ties useful  for  distinguishing  species.  "  The  characters  most  constantly 
found  and  most  easily  observed,  and  by  which  previous  existing  genera 
could  be  split  up  into  smaller  groups,  were  shown  to  be  the  scales  of  the 
head,  body,  ^vings,  etc.  Scales  are  particularly  characteristic  of  the 
whole  family  Culicidcv."  The  relative  arrangement  of  the  three  forms 
of  scales  on  the  head,  viz.,  long-curved,  upright  forked,  and  flat  imbri- 
cated, as  well  as  those  on  the  thorax,  abdomen  and  scutellum,  are  of 
great  importance  in  the  new  classification  of  mosquitoes. 

What  are  mosquitoes  ?— Mosquitoes  are  two-winged  flies  (Dip- 
tera)  of  the  family  Culicidce.  To  duly  comprehend  the  life  cycle  of 
the  parasities  of  malaria,  etc.,  in  mosquitoes,  it  is  necessary  that  we 
should  possess  some  knowledge  of  the  anatomical  structure  of  these 
insects. 

General  characters  of  mosquitoes.—"  Mosquitoes,  as  in  other 
six-footed  flies,  are  provided  with  a  head,  thorax  and  abdomen. 
The  head  bears  the  mouth-parts  drawn  out  into  a  long  penetrating 
proboscis,  which  latter  is  often  as  long,  or  even  longer  than  the  whole 
body.  The  head,  thorax  and  body  of  all  Culex  mosquitoes  are  covered 
with  distinctive  scales ;  hni:,  in  the  Anophelwa  these  may  only  occur 
on  the  head,  the  thorax  and  abdomen  being  hairy." 

All  mosquitoes  except  the  small  genera  of  Corethrina  and  Moch- 
lonyx  are  provided  with  a  long  suctorial  proboscis. 

The  Corethrina  have  mouth  parts  formed  on  the  same  pattern  as 
midges,  which  is  a  short  bilobed  apparatus,  instead  of  the  long  pierc- 
ing proboscis  of  mosquitoes. 

From  Chirominidoi  or  midges,  mosquitoes  are  distinguished  by 
the  fact  that  all  the  veins  of  the  wings  are  fringed  with  scales  like 
those  of  butterflies  and  moths. 

Metamorphosis  of  mosquitoes.— AH  mosquitoes  undergo  a  com- 
plete metamorphosis,  that  is,  there  is  an  active,  growing  and  feed- 
ing stage,  the  larva ;  a  non-growing  stage,  the  pupa,  during  which 
stage  the  larva  is  transformed  into  the  active  flying  sexual  adult— the 
mosquito. 
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Head. — On  each  side  of  the  head  there  is  a  compound  eye, 
larger  in  the  male.  The  eyes  are  often  brightly  coloured  during  life. 
Between  the  eyes  above  is  the  occiput,  and  in  front  the  vertex,  and 
at  the  back  of  the  head  is  the  nape.  The  part  between  the  eyes  is 
the  frons.  The  head  is  covered  (more  or  less)  with  scales  and  bristles 
(chetce).  Projecting  forward  from  the  head  is  the  clypeus,  which 
consists  of  a  blunt  process  with  distinctive  characters  in  different 
genera  of  mosquitoes. 

Mouth. — The  mouth  is  prolonged  into  a  long  sucking  and  pierc- 
ing tube  called  the  proboscis,  which  is  straight  in  most  genera.  The 
mouth-parts  constituting  the  proboscis  are — the  labium,  epipharynx 
or  upper  lip,  two  sharp  lancet-like  needles — the  mandibles,  two  pointed 
maxiUce ;  a  single  flattened  process — the  hypopharynx,  and  the 
large  gutter-shaped  lower  lip  or  labium,  which  ends  in  two  pointed 
processes — the  labeila.  The  labium  is  fleshy,  covered  with  scales 
outside  and  deeply  grooved  within ;  when  at  rest  the  groove  contains 
the  piercing  mouth-parts.  Closing  on  the  groove  above  is  the  labrum, 
with  the  epipharynx,  with  which  it  is  fused.  Beneath  it  is  the  hypo- 
pharynx,  which  is  flat,  and  forms  with  the  labium  the  tube  by  which 
the  blood  is  drawn  into  the'  mosquito's  body ;  the  hypopharynx  is 
perforated  by  the  salivary  duct,  and  down  this  tube  the  saliva  is  injected 
into  the  wound  caused  by  the  insect.  The  fleshy  lip  acts  as  a 
protecting  organ  to  the  more  delicate  cutting  parts  of  the  mouth,  all 
of  which  latter  penetraite  the  skin  in  the  act  of  feeding,  whilst  the 
labium  remains  outside,  the  penetrating  organs  passing  between  the 
bent  labeila.  The  whole  labium  guides  them  in  the  process.  The 
male  mandibles  and  maxilla  are.  usually  very  rudimentary,  hence  they 
do  not  bite. 

Palpi. — Attached  to  the  mouth  are  the  palps  (palpi)  which  were 
formerly  used  in  the  classification  of  mosquitoes.  They  are  composed 
of  two  or  more  segments.  In  some  mosquitoes  they  are  very  short  in 
both  male  and  female  JSdince,  in  others  long  in  both  sexes  (Anophelince), 
m  others  again  long  in  the  male  and  short  in  the  female  {Culicince). 

Antennae.— The  antennae  are  composed  of  a  large  basal  segment 
and  a  long  flagellum  consisting  of  many  segments.  In  the  female  the 
segments  are  provided  with  short  hairs  arranged  in  circles,  in  the 
males  the  antennae  are  usually  plumose.  It  is  considered  that  some 
of  the  hairs  on  the  antennae  are  auditory  in  function  as  they  respond 
^  vibratory  motion,  but  the  halteres  or  balancers  are 
probably  the  chief  auditory  organs  of  mosquitoes.  The  antennte  how- 
ever are  turned  in  the  direction  of  sounds,  the  head  turniug  at  the 
same  time. 

Method  of  breathing  and  producing  sound. -Mosquitoes  breathe 
through  the  sides  of  the  body.  The  buzzing  sound  of  a  mosquito  is 
produced  not  by  the  wings  but  by  the   vibration   of  a  peculiarly 


48 


constructed  chitinous  process  situated  near  the  breathing  apertures,  and 
set  in  vibratory  motion  by  respiration,  in  the  same  way  that  the 
song  of  flies  is  produced. 

Thorax. — This  region  forms  a  large  area  situated  between  the 
head  and  abdomen.  The  greater  part  of  it  is  composed  of  tbe  vieso- 
thorax  or  mid-thorax,  which  has  at  the  back  part  a  sharply  restricted 
piece  called  the  scioteiium,  which  in  Anophelmce  presents  a  simple 
rounded  posterior  border,  whilst  in  other  sub-families  it  is  distinctly 
trilobed.  The  prothorax  consists  of  two  lateral  processes  called  the 
prothorax  lobes.  The  hind  part  of  the  thorax,  called  the  metatkorax, 
is  rounded  and  located  beneath  the  scutellum  ;  at  the  sides  are  plates 
constituting  the  pluerce,  which  are  of  no  value  for  identification.  The 
whole  thorax  may  be  covered  with  scales,  but  as  a  rule  the  meta- 
thorax  is  bare ;  it  may,  however,  carry  both  chetse  and  scales.  The 
wings  and  legs  are  attached  to  the  thorax— the  wings  to  the  upper 
portion  and  the  legs  to  the  sides  of  the  pleursB. 

Wings-— The  wings  spring  from  the  sides    of  the  mesonotura 
towards  its  posterior  end,  whilst  attached  to  the  metathorax  are  the 
halteres  or  balancers— a  pair  of  cUib-shaped  processes  which  are^the 
remnants  of  the  second  pair  of  wings  of  four-winged  insects.  The 
venation  of  the  wing  is  somewhat  complex.  The  main  points  in  connec- 
tion with  the  wings  are  the  costal  vein,  the  longitudinal  veins  and  the 
wing  fringe.    The  costal  vein  runs  around  the  entire  border  of  the 
wing,  in  all  but  the  Heptaphlebomyince  there  are  six  longitudinal 
veins.    Below  the  upper  border  of  the  costa  and  arising  from  the  root 
of  the  wing  is  the  sub-costat  vein,  which  joins  the  costal  vein  before  the 
tip  of  the  wing,  beneath  it  is  the  first  Longitudinal  vein,  which  ends 
near  the  tip  of  the  wing.    The  second  longitudinal  vein  arises  from 
the  first,  and  ends  in  two  branches  which  form  the  so-called  ^?'si  sub- 
marginal  cell  (sometimes  called  the  first  forJc-celi).  The  third  long  vein 
is  simple  and  arises  at  or  near  the  junction  of  two  cross-veins,  the 
supernumerary  and  the  mid;  this  vein  is  of  importance  in  identifying 
several  species  of  Indian  Anophelinte.    The  fourth  arises  from  the  base 
of  the  wing  and  terminates  in  two  branches  which  form  the  second 
posterior  cell  (or  second  fork-cell).    The  fifth  also  arises  from  the 
base  of  the  wing  and  sends  off  a  branch  about  half  its  length.  Ihe 
fifth  and  sixth  veins  are  both  simple  and  both  arise  from  the  base 
of  the  wing. 

Legs.— The  legs  are  attached  to  the  pro-meso  and  meta-thoracic 
rings  on  the  lower  part  of  the  pleura.  P^ach  leg  consists  of  nine 
segments.  The  one  at  the  base,  by  means  of  which  they  are  attached 
to  the  body,  is  called  the  coxa,  then  comes  a  small  segment  called  the 
trochanter,  succeeded  by  the  large  femur,  then  the  tibia  and  the  foot;  the 
last  named  is  made  up  of  fine  segments,  the  basal  one  ot  which  is 
much  the  longest  and  called  the  metatarsus ;  the  four  remaming 


segments  coustitute  the  tarsus.  The  femora  and  tibiae  are  often  bristly 
and  there  may  be  spines  on  all  the  parts,  which  are  always  covered 
with  closely  oppressed  or  outstanding  scales.  The  fifth  segment  of 
the  foot  ends  in  two  claws  or  ungues. 

Ungnes. — The  ungues  or  claws  are  r,wo  in  number  to  each  foot; 
these  are  always  eqaal  in  the  female ;  in  the  male  the  fore  and  the 
mid  pair  are  always  unequal  in  size,  whilst  the  posterior  ones  are 
the  same  in  size.  The  ungues  in  the  female  may  be  simple  or  uni-serrated  ; 
in  the  male,  the  fore  and  mid  ungues  may  be  uni-,  bi-,  or  even 
tri- serrated.    Mosquitoes  adhere  to  a  wall  just  as  a  cat  clings  to  the 
bark  of  a  tree,  by  its  claws.    It  cannot  adhere  to  an  absolutely  smooth 
perpendicular  surface  in  the  same  way  that  a  fly  can  ;  a  fly's  foot  acts 
as  a  sucker,  while  the  feet  of  the  mosquito  have  claws.    We  some- 
times see  mosquitoes  on  panes  of  glass,  this  is  because  on  the  pane  there 
IS  (except  just  after  cleaning)  enough  dust  and  moisture  to  form  a 
film  on  the  glass  which  gives  mosquitoes  a  foothold. 

Abdomen.— The  abdomen  consists  of  eight  segments,  in  ihQ  female 
ending  in  two  lobes,  and  in  the  male  in  distinct  genitalia,  consisting  of 
basal  lobes,  claspers  and  various  prominences.  The  male  genitalia 
are  useful  character  for  separating  very  closely  allied  species.  Except 
in  the  true  Ayiopheles  the  abdomen  is  more  or  less  coated  with  scale« 
and  may  have  lateral  tufts  of  scales  and  bristles.  Each  segment  has 
a  row  or  rows  of  bristles  along  its  posterior  border  and  frequentlv 
many  at  the  apex. 

Scales  of  mosquitoes.— The  most  characteristic  structure  bv 
which  mosquitoes  can  be  grouped  and  identified  are  the  scales.  The 
scales  o[  ike  head  are  usually  in  three  iovm^-narrowciLvved,  upright- 
forked,  and  fiat.  The  scales  of  the  thorax  are  narroio-curved,  hair 
iike  curved,  spindle-shaped,  fiat,  and   twisted.    No  upright-forked 
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in  form  some  spatulate,  others  of  the  Mansonia  type.  Each  ve  n 
has  median  scales,  which  usually  dififer  in  form. 

steJ^'^'r:  sL^fJn^^r^-sCed"  TT'  1        7f       ^  — 

usually  scaly.    Thev  lie  Lhind  fh.  '""'^'^^P'^ 

wings  of   four-win/J  in«rf  ^""^  represent  the  hinder 

tHe^ohiefpa^tVtSuS;^appa\Vr^^^  ''''' 


eo 


internal  anatomy- — The  alimentary  tract  and  its  accessory  organs, 
the  stomach  and  salivary  glands,  are  the  most  important  parts,  because 
in  them  in  auophelines  are  developed  the  sexual  forms  of  the  malarial 
parasites  of  men. 

The  alimentary  canal  begins,  it  may  be  said,  at  the  apex  of  the 
proboscis  and  ends  at  the  terminal  anus.    A  pumping  organ  sucks 
the  blood  up  through  the  tube  formed  of  the  labrum  and  hypopharynx. 
The  hypopharynx  is  perforated  by  a  small  tube  connected  with  the 
salivary  glands  through  which  the  saliva  is  ejected  when  the  mosquito 
bites.    Behind  the  clypeus  the  different  mouth-parts  unite  to  form 
what  may  be  considered  tlte  mouth.    Following  the  mouth  is  the 
huGcal  cavity  which  opens  into  the  pharynx  by  a  valvular  arrangement. 
The  pharynx  or  pumping  organ  extends  from  the  buccal  cavity  through 
the  head  or  near  the  back  of  the  head,  where  it  joins  the  oesophagus. 
At  its  commencement  it  is  tubular,  but  lower  down  dilates;  it  is  much 
larger  in  the  female  than  the  male ;  it  is  partly  chitinous.  The 
oesophagus  extends  from  the  pharynx  to  the  so-called  (esophageal  valve. 
Running  from  the  oesophagus  are  three  large  blind  sacs — food  reservoirs, 
one  ventral  and  two  latero-dorsal.    The  large  ventral  reservoir  extends 
back  to  the  seventh  segment  when  filled  with  blood  or  vegetable 
Hinds.    The  valve  lies  between  the  tesophagus  and  midgut. 

Midgut.— This  is  the  largest  part  of  the  alimentary  canal,  and 
consists  of  a  straight  tube  running  from  the  oesophageal  valve  to  the 
stomach  near  the  end  of  the  body  (that  is,  about  the  level  of  the  sixth 
abdominal  segment).  The  stomach  itself  i'i  the  posterior  diloied  parf 
of  the  midgut,  and  it  is  in  it  that  malarial  parasites  develop. 

The  hindgxd  begins  where  the  Malpighian  tubes  arise.  It  is 
short,  slightly  flexed,  and  ends  in  the  anus. 

alivary  glands— The  salivary  duct  is  not  connected  with  the 
alimentary  canal.  The  saliva  is  ejected  by  the  hypopharynx  via  the 
canal  arched  over  by  fine  lamellae.  At  the  base  of  the  hypopharynx 
is  a  structure  connecting  the  common  salivary  duct  and  the  groove. 
This  is  a  pump  depending  for  its  function  on  the  powerful  voluntary 
muscles  around  it.  The  common  salivary  duct  ends  in  the  centre  of  a 
chitinous  membrane  which  is  continuous  with  a  highly  chitmous  cup 
opening  into  the  hypopharynx. 

The  duct  passes  back  beneath  the  valve  of  the  buccal  cavity  where 
it  divides  into  ducts  of  similar  structure.  The  two  salivary  ducts  run 
parallel  along  the  ventral  wall  of  the  neck  into  the  thoracic  cavity  ; 
on  reaching  this  region  they  diverge  and  branch  into  the  salivary 
glands. 

Each  salivary  gland  consists  of  three  blind  sacs,  which  vary  in 
position  as  the  glands  have  to  accommodate  themselves  to  the  position  a 
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of  the  very  powerful  thoracic  muscles  which  propsi  the  wings.  The 
olauds  are"  triiobed,  surrounded  by  fat- bodies,  and  are  very  large  iu 
proportion  to  the  size  of  the  mosquito.  The  three  lobes  of  each  gland 
are  composed  of  acini  of  the  same  structure  as  the  common  duct. 

Malpighian  tubes.— These  are  developed  in  the  larva  and  open 
at  the  same  level  into  the  hindgut  at  tlie  junction  of  the  midgut.  They 
are  five  in  number  and  lie  freely  bathed  in  the  flinds  of  the  hremocrel. 
They  have  a  pale  yellow  colour  with  transmitted  or  reflected  ight. 
Their  function  is  chiefly  excretory. 

Genital  organs.— In  the  female  these  consist  of  the  two  ovaries 
opening  into  a  common  duct  by  the  ovarian  tubules.  Into  the  common 
tube  opens  a  mucous  gland,  and  also,  by  a  long  thin  duct,  the  sper- 
mathecce,  which  are  chitinous  sacs,  acting  as  reservoirs  for  the  sperma- 
tozoa. 

The  male  genitals  consist  of  two  testes  united  by  vasa  de/erentia 
to  the  ejaculatory  duct;  to  each  vas  deferens  is  attached  a  short  sac, 
the  rcceptaculam  seminis.  The  penis  is  soft  and  fleshy  and  is  placed 
between  two  internal  claspers,  etc.,  and  on  each  side  of  these  are 
large  external  claspers,  which  are  of  diagnostic  value.  The  spermatozoa 
have  a  round  head  with  a  flagellum.* 

Differentiation  between  Culichtw  and  A  noi^helince.— The 

following  table  will  enable  us  to  distinguish  the  ova,  larvse,  and 
adults  of  Gulicinoi  and  Anophelinoi,  it  being  understood  that  the 
characteristics  given  are  those  of  the  sub-families,  and  in  no  sense 
specific  : — 


CULICIN^. 

Eggs. — Laid  in  rafts,  individual 
eggs  bottle  or  cartridge-shaped. 
Found  in  artifioal  collections 
of  water  which  ai'e  often  dirty. 


Anophklin^, 

Laid  singly  and  then  forming 
triangles  or  other  geometrical 
figures  ;  in  the  water,  individual 
eggs  boat-shaped,  each  with  ends 
like  the  raised  prow  and  stern  of  a 
boat,  and  ribbed  laterally  (float 
cells  containing  air),  the  ribs 
looking  like  oars.  The  eggs  some- 
times occur  separately  and  are 
then  found  touching  particles  of 
leaves  or  vegetable  debris.  The 
eggs  are  found  in  natural  or  ter- 
restrial collections  of  water. 


*  I  am  indebted  to  Mr.  P.  V.  Theohat.h's  A  rticle  on  Oulicida  in  Ar.r.uuTT  and 
JIotj.kston's  System  of  Medicine,  Part  II,  Vol.  II,  for  this  account  of  the  anatomical 
structure  of  mosquitoes. 
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Culicince, 

Laruce. — Long  breathing  tube 
(siphon)  near  the  tail,  and  a 
large  number  of  air-vessels 
which  distribute  air  to  all 
tissues  of  the  body.  It  is 
attached  to  water  by  surface 
tension.  If  the  surface  of  the 
water  is  covered  with  oil,  the 
larvae  sink.  They  float  head 
downwards.  Their  normal 
position  is  at  the  surface,  but 
they  wriggle  to  the  bottom  on 
being  disturbed.  Culex  larvae 
cannot  live  at  the  bottom  of 
water,  there  they  would  soon 
die.  When  changing  their 
skin  they  can  float  flat,  but 
never  to  the  same  extent  as 
anophelines  larvae.  They  are 
found  in  artificial  collections 
of  water — tubs,  cisterns,  chat- 
ties, kerosene  oil  tins,  pots, 
pans,  broken  bottles,  etc. 

Adult  Mosquitoes — Short  palpi 
in  female.  They  sit  flat  or 
only  with  a  slight  angle  to 
the  surface  on  which  they  are 
resting.  The  wings  are  plain 
and  not  spotted.  The  body 
is  unshapely  and  somewhat 
hunchbacked.  The  thorax  is 
large.  They  are  grey,  sombre, 
or  dusky-coloured. 


Breeding  Places. — Tubs,  ditchps, 
garden  cisterns,  drains  for 
rain-water,  ete.  In  temperate 
climates  they  often  choose 
terrestrial  waters — they  do 
not  do  so  in  the  tropics. 


Anophelinoi. 

Have  no  breathing  tube.  They 
breathe  through  two  apertures  at 
the  back  of  8th  abdominal  segment 
of  the  body.  They  float  flat  by  sur- 
face tension  with  their  palmate 
hairs.  When  disturbed  they  skate 
backwards.  They  are  found  in 
terrestrial  water.  A  few  species 
may  be  found  in  artificial  collec- 
tions of  water,  e.^.,  Nys.  stephensi 
in  chatties  and  wells. 


Long  p>alpi  in  female.  Angular 
position  to  surface  on  which  rest- 
ing— tends  to  stand  on  its  head 
as  it  were — the  proboscis,  head 
and  body  being  at  an  angle 
to  the  wall  or  surface  on  which 
resting.  The  wings  are  spotted. 
The  body  is  graceful  and  shapely, 
the  head  tapers  into  the  proboscis. 
If  the  anterior  border  of  the  wing 
has  three  or  four  spots  it  is  certainly 
an  anopheline. 

Terrestrial  waters — rivers,  streams, 
canals,  lakes,  pools,  ponds,  all 
large  collections  of  water,  rain-water 
runlets. 


The  method  of  identifying  mosquitoes  is  comparatively  easy  after 
the  basis  upon  which  they  are  classified  is  thoroughly  understood.  A 
few  hours  spent  with  some  one  who  has  acquired  the  habit  of  identifying 
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and  grouping  mosquitoes  into  genera,  and  collected  egg.q  and  larvfn  for 
demonstration,  is  more  profitable  to  the  uninitiated  tlian  weeks  of 
perusal  of  descriptions  and  studying  plates  and  diagrams. 

All  Culicida?  are  aquatic  in  their  larval  and  pupal  stages  and  live 
in  water.  They  swim  and  dive  by  means  of  paddles  and  feed  on  water 
organisms.  They  cannot  breathe  under  water.  In  a  week  or  more 
pupa  is  formed  from  the  larva.  LarvoD  vary  from  j\  to  ^  of  an  inch 
in  length,  the  latter  being  their  length  when  full  grown.  Their  colour 
varies,  most  are  brown,  yellow  or  greenish. 

Ova  of  mosquitoes.— The  ovci  of  mosquitoes  vary  considerably  in 
shape  and  arrangement.  8ome  are  laid  in  comparatively  large  masses 
called  egg-rafts,  the  eggs  being  arranged  side  by  side  in  their  long 
axis— this  occurs  in  most  of  the  Culicina.  Some  are  laid  with  a  long 
ribbon-like  arrangement  (Tteniorhynclms),  and  others  quite  separately— 
Anophelina,  Stegomyia,  and  .Toblotina.  The  eggs  hatch  into  larva  in 
from  a  few  hours  to  a  few  days,  varying  with  the  temperature  of  the 
water  and  kind  of  mosquito.  The  eggs  of  different  species  of  the  one 
genus  differ  very  materially  from  those  of  other  species  of  the  same 
genus.  In  Anophelince,  the  eggs  have  an  oval  outline  and  are  provided 
with  distinct  later<d  fiords.  The  form  and  general  arrangement  of  the 
floats  are  important  for  the  differentiation  of  different  species  of  anophe 
line  eggs.  The  eggs  of  mosquitoes  always  float.  Complete  immersion 
seems  to  destroy  them. 

Larvaeof  Anophelinae.— The  characters  of  the  larvae  of  Culex 
hfcegomyia,  and  Anophelina  are  given  on  pages  60,  61,  and  73,  re.specl 
tively,  and  in  the  table  on  page  .52.  o        ,     ,  ,  it;.>,pec 

In  both  the  larval  and  pupal  stages  air  is  needed ;  to  obtain  it  the 
breathing  tubes  mast  at  frequent  intervals  protrude  from  the  water 
surface  into  the  air  above.  A  film  of  oil  placed  on  the  surface  of  the 
water  can  prevent  the  breathing  tubes  from  reaching  the  air  and  in  th  s 
way  cause  death  both  in  the  larval  and  pupal  stages.  Wien  fir 
hatched  out  larv^  are  only  just  visible  to  the  naked  eye^  The  duration 
of  the  existence  of  larv.^  is  dosely  related  to  the  temperature  of  the  wat°  r 
and  the  amount  of  food  available. 

Larvffi  and  pupai  are  best  preserved  in  rectified  spirit,  or  in  4  ner 
cent,  so  uhon  of  formalin,  eaoh  capture  being  placed  i  a  epa  ate  tube 
in  wh.cl,  should  a  so  be  enclosed  a  scrap  of  paper  written  i ,  IndTan  M 
fnd?nv  otle'r  in?  °'  r  ""P""'"'  o''^"  on  oobu^ 

rmizxs  tiJi^r^t^^^^^^ 

t.on  subsequently,  they  sLuld'ba  placel  in  the  \"ua1  Ubo'rXy 
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Graduated  percentages  of  alcohol  until  pure  alcohol  is  reached  and  then 
returned  to  90  per  cent  alcohol.  For  ordinary  routine  work  in  India 
methylated  spirit  answers  very  well.  Adult  mosquitoes  required  for 
identification  should  not  be  placed  in  spirit  as  in  it  they  lose  their 
colours. 

Period  of  development  from  egg  to  imago  or  adult  mosquito  — 

The  period  elapsing  from  egg  to  adult  is,  under  favourable  circumstan- 
ces, from  a  week  to  21  days — determined  by  the  kind  of  larva,  tempera- 
ture, and  general  meteorological  conditions— in  warm  moist  weather  with 
slioht  rain  their  development  is  rapid ;  whereas  stormy,  cold  and  wintry 
weather  retards  their  development;  abundance  of  food  favours  the 
development  of  larvae.  In  pure  water  their  development  may  be  delayed 
for  weeks,  their  development  is  also  delayed  in  vitro  or  artificial 
hatcliing  out. 

Enemies  of  larvse.  — There  are  many  enemies  of  larvae  in  natu- 
ral waters,  specially  in  large  rivers,  lakes  and  tanks,  and  these  consist 
chiefly  of  fish,  frogs,  tadpoles,  and  larvfe  of  other  larger  insects ;  the  larvae 
of  draoon-flies  are  special  enemies  of  mosquito  larva.   Constant  disturb- 
ance of  water  is  unfavourable  to  their  development,  as  they  usually 
require  still  water;  winds,  which  create  surface  waves,  cause  them  to 
drift  about  or  drive  them  to  the  bottom,  and  generally  act  detrimentally 
on  them.    In  rivers  and  streams  we  find  them  at  the  margins,  attached 
to  or  under  cover  of  leaves,  grass,  water  plants,  vegetable  ddbris,  etc. 
Similarly  in  canals  they  are  mostly  at  the  margins.    In  canals  the  rate 
of  flow  is  recTular  and  less  boisterous  than  that  of  rivers  and  streams, 
hence  they  a%  favourite  breeding  grounds.    In  lakes  we  also  find  them 
near  the  edges.    Lakes  are  generally  stocked  with  many  enemies  of 
larvfe,  and  the  mosquito  in  laying  eggs  selects  the  shallower  parts,  sides 
and  margins.    In  ponds  also  they  are  close  to  the  edges.    Minnows  arid 
what  are  called  "  millions  "  appear  to  gloat  over  mosquito  larvffi,  as  do 
also  sticklebacks,  carp,  etc.    Frequently,  however  sma  1  fish  and  lame 
live  amicablv  in  the  open  waters  of  rice- fields,  tanks  and  marshes.  ihe 
predaceons  larvee  of  dragon-flies  and  water-beetles  devour  the  larvae  and 
nuDie  of  mosquitoes.    Adult  mosquitoes  are  preyed  upon  by  dragon-flies 
?nse^tivorous\nd  many  night-flying  birds,  such  as  ^^.^g^t  hawks  and 
flvincr  bats  everywhere,  but  mosquitoes  multiply  rapidly    and  tueii 
numbers  are  so  immense  that  their  prevalence  is  only  shghtly  restricted 
by  natural  enemies." 

■  ■  In  the  natural  state  there  is  annually  an  enormous  depopulation  ot 
mosquitoes  by  the  drying  up  of  collections  of  water  used  as  teeding 
grounds  by  mosquitoes. 

The  main  provision  of  larvae  is  found  in  the  minute  vegetable 
organisms  especially  the  spores  of  algae,  which  are  abundant  in  the  situa- 
LirXre  they  are  common,  the  culicine  larva)  confining  themselves 
r^ainly  L  tlS  that  are  fiund  completely  immersed,  while  young 
rophelines  brouse  on  those  floating  on  the  surface,  keeping  its  head 
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screwed  round  a  full  half  turn  so  as  to  bring  the  mouth  uppermost. 
They  also  consume  small  crustaceous  and  other  water  insects.  Some 
are  said  to  be  cannibalistic — especially  is  this  so  with  the  large  larvse 
of  Megarhinina,  Toxovhynchus  and  Macidus,  who  devour  one  another 
greedily. 

Pupae. — Like  all  insects,  the  mosquito  passes  from  the  larval  to 
the  pupal  stage.  The  pupa  is  a  curved,  comma-shaped,  active  little 
animal,  which  wriggles  about  in  a  series  of  curious  jerky  movements  in 
the  water,  coming  to  the  surface  constantly  to  breathe.  They  are, 
however,  less  energetic  than  larvte,  and  are  generally  seen  floating  on  the 
surface.  When  fully  developed  they  have  all  the  structure  of  adults. 
The  duration  of  pupal  life  is  short,  in  some  only  48  hours,  but 
it  may  be  10  or  12  days.  Temperature  affects  the  period  of  its  develop- 
ment greatly.  Pupte  are  usually  brown  or  greenish  in  colour,  some  have  a 
dull  reddish  hue.  After  two  or  more  days  the  pupal  skin  splits  and  sets 
the  imago  free.  The  imago  emerges  from  the  pupal  case  which  it  leaves 
on  the  water.  The  imago  after  emergence  rests  on  the  pupal  case  for  a 
few  hours  to  dry  its  wings  and  then  flies  away. 

Breeding-  places  of  mosquitoes.— Mosquitoes  may  be  looked  upon 
as  forming  colonies  adjacent  to  their  breeding  grounds.  The  vast 
majority  remain  close  to  where  they  were  born."  Comiwatively  few 
migrate  thence.  "To  suppo,«e  that  the  mosquito  population  will 
remain  the  same  after  local  suppression  of  iDreeding  is  equivalent  to 
supposing  that  the  human  population  of  Great  Britaiu  would  not  be 
affected  by  abolishing  the  birth  rate."* 

Under  normal  circumstances  the  immigration  and  emigration  of 
mosquitoes  may  be  assumed  to  be  equal  except  in  highly  endemic  areas 
and  during  intensely  malarial  seasons  in  such  areas,  when  the  former 
in  all  probability  exceeds  the  latter,  because  the  conditions  for  their 
rapid  multiplication  are  in  existence  in  such  areas  and  at  such  times. 
It  may  be  assumed  also  that  mosquitoes  decrease  in  numbers  the  further 
the  distance  from  their  breeding  grounds,  and  whilst  the  actual  ratio  of 
such  decrease  cannot  be  estimated  by  any  known  mathematical  for- 
mulae, the  fact  that  anophelines  are  naturally  weak  fliers  supports  such 
a  supposition.  ^ 

In  every  endemic  malarial  district  where  malaria  has  been  investi- 
gated by  experts,  there  anophelines  have  been  found,  and  this  after 
their  absence  has  been  repeatedly  asserted.  It  is  often  forgotten  that 
anophelines  though  naturally  breeding  in  terrestrial  waters,  may,  in  the 
absence  of  the  latter,  vicariously  breed  in  any  collection  of  water ;  they 

myself  and  others  on  seveial 
occasions  in  earthenware  chatties  and  wells  when  other  terrestrial  breed- 
ing  places  were  also  available. 
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One  persoually  believes  it  to  be  possible  that  anopheliues  may  in 
the  course  of  long  periods,  after  many  <:;enerations  of  infection  with  the 
sexual  forms  of  human  malarial  parasites,  work  out  for  themselves  a 
racial  immunity  against  this  infection.  Further  that  such  iuherited 
immunity  inay  be  quite  localised.  'J'his  assumes  that  anopheiines  are 
not  extensive  travellers,  and  that  they,  like  all  other  members  of 
the  animal  creation,  prefer  to  dwell  in  the  vicinity  in  which  they 
were  born,  except  when  compelled  by  local  environment  to  quit  their 
native  home. 

Mosquitoes  decrease  as  the  distance  from  their  breeding  places 
increases,  and  in  general  terms  it  may  be  stated  that  their  number  in  a 
locality  is  in  inverse  ratio  to  the  square  of  its  distance  from  breeding 
places.  An  area  containing  a  certain  number,  say,  a  mile  from  a  habita- 
tion, the  number  at  :J-  of  a  mile  from  the  breeding  place  would  be  ^,  at  ^ 
a  mile  at  |  mile  I,  at  a  mile  y'g^,  and  so  on  (KonaLD  KuSs).  A  small 
pool  near  at  hand  is  thus  seen  to  be  always  a  more  likely  source  of  infec- 
tion than  a  large  marsh  a  mile  away.  This  inversion  of  the  square  of 
the  distance  from  breeding  places  regulates  to  some  extent  the  number 
of  mosquitoes  in  special  localities.  A  thick  and  dense  jungle  at 
some  distance  from  habitations  cannot  be  penetrated  by  anopheliues; 
so  that  initially,  at  least,  it  is  unnecessary  to  remove  such.  In  some 
instances  such  removal  may  do  harm,  as  where  breeding  grounds 
are  on  the  far  side  of  such  jungle  away  from  houses. 

Pools  and  collections  of  water  near  houses  are  very  important.  If 
pools  are  distant  from  houses,  mosquitoes  may  have  to  fly  from  their 
breeding  places  to  such  houses,  and  it  is  fairly  well  known  now  that 
where  the  breeding  grounds  are  thus  distant,  mosquitoes  do  not  appear 
in  large  numbers  in  human  dwellings. 

Pools  connected  with  rivers,  irrigation  channels,  gardens,  etc.,  are 
favourite  breeding  grounds  of  anopheliues.  They  contain  abandanceof 
food  in  the  form  of  lower  plants,  such  as  alga;,  etc. 

In  every  case  a  careful  search  for  every  possible  kind  of  water 
collection  is  necessary  before  declaring  that  larvae  do  not  exist.  One 
has  never  failed  to  find  larva3  of  malaria-carrying  anopheliues  in 
endemic  malarial  places  during  the  breeding  season. 

All  the  greatest  investigators  of  malaria  in  India  assure  us  that 
"  there  is  no  collection  of  water,  however  insignificant,  which  it  is  safe 
to  disregard  as  a  possible  source  of  larvae.  There  are  few  places  how- 
ever dry  where  by  careful  search  some  unexpected  source  of  water  will 
not  be  found,  and  the  existence  of  mosquitoes,  otherwise  difficult  to 
account  for,  readily  explained"  (J.  W.  W.  Stephens).  The  same  opinion 
is  expressed  by  James  and  Liston*  and  by  KoNald  Ko.ss.  When  there 
is  an  absence  of  the  particular  breeding  ground  that  difi'erent  species 
of  anopheliues  would  select,  they  will  breed  in  any  collection  of  water. 

*Anppheles  Moaquito'a  oj  liidia,  p.  48. 


Time  mosquitoes  bite. — The  majority  of  Indian  mosquitoes 
prefer  biting  at  night.  During  the  day  they  obscure  themselves 
amongst  shrubs  and  bushes,  in  dark  corners  of  native  huts,  tents  and 
houses.  Some  favour  dark  objects,  dark  clothing  being  particularly 
attractive.  The  specially  domestic  kinds,  such  as  the  Gulex  fatigans, 
and  Stegoviym  fasciata  and  S.  asiatica,  are  not  often  seen  remote  from 
habitations,  but  sometimes  may  be  found  in  jungles.  Occasionally  some 
of  the  wild  or  sylvan  mosquitoes,  contrary  to  their  usual  habits,  may 
be  found  in  bouses,  huts,  and  habitations  generally.  One  has  found 
specimens  of  both  Mr.  nigerrimus  and  Mr.  barbirostria  in  native  huts. 

Food  of  mosquitoes. — The  majority  of  mosquitoes  never  taste  man's 
blood,  and  but  comparatively  few  take  vertebrate  blood.  Certain  species 
are,  however,  natural  blood-suckers,  especially  the  Stegomyias,  and  certain 
species  of  Culex  and  Anophelina3.  Most  mosquitoes  feed  on  vegetable 
juices.  They  are  very  partial  to  bananas ;  and  sliced  bananas  is  one 
of  the  best  foods  to  keep  them  alive.  Many  mosquitoes  take  the  blood 
of  invertebrate  animals,  such  as  insects.  They  also  feed  on  young  fish. 
It  is  curious  that  certain  species  which  suck  man's  blood  in  some  parts 
of  the  world  do  not  do  so  in  others.  Anopheles  maculipennis,  a 
proved  malaria-carrier,  bites  viciously  in  many  parts  of  Europe,  but  in 
some  districts  of  Britain  is  never  known  to  bite  man.  The  same 
applies  to  Culex  pipiens."  It  is  the  female  alone  that  sucks  blood — the 
males  are  vegetarians,  "  the  only  doubtful  exception  to  this  is  based  on 
a  single  observation  of  the  male  Stegomyia  fasciata  which  was  stated 
to  bite  man."  It  is  stated  that  this  is  in  all  probability  an  error,  because 
the  anatomical  arrangement  of  the  mouth-part  of  this  particular 
Stegomyia  are  opposed  to  the  view  that  it  sucks  blood.  One  has 
personally  on  three  occasions  captured  male  Stegomyia,  twice  S.  calopu,^ 
and  once  S.  scutalaris  that  had  fed  on  oneself.  The  statement  often  put 
forward  that  male  Stegomyia  do  not  enter  human  dwellings  is  incorrect- 
one  has  seen  numbers  of  them  in  houses  in  Delhi,  Meerut  and  Fateh- 
garh  in  September. 

It  is  certain  that  anophelines  may  breed  in  vast  colonies  150 
miles  away  from  human  beings.  It  is  not  necessary  that  the  female 
should  feed  on  either  human  or  vertebrate  blood  before  laying  eggs— 4- 
macidipennis,  A.  bifureatus,  and  G.  piiDiens,  who  have  been  kept 
artificially  without  sucking  blood,  will  deposit  fertile  ova.  Mosquitoes 
breed  mainly  without  the  stimulus  of  human  blood."  — (Theobald). 

Length  of  life  of  mosquitoes.— Formerly  it  was  believed  that 
mosqmtoes  lived  only  for  five  or  six  days.  Now  we  know  that  they  may 
live  lor  months.  Stegomyia  fasciata  can  certainly  live  for  five  months. 
Anophelines  have  been  kept  alive  in  captivity  for  155  days.  There  are 
many  mosquitoes  known  to  hybernate  both  as  adults  and  as  larvee 
throughout  the  winter.  We  cannot  at  present  say  what  the  average  length 
of  the  hfe  of  the  mosquito  in  nature  is.    In  captivity  we  rem?ve  th!m 
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from  the  dangers  of  their  natural  enemies,  birds,  inclement  weather, 
high  winds,  excessive  rain,  etc.,  although  they  must  be  affected  by  the 
artificial  conditions  of  life  in  captivity. 

Anophelines  can  certainly  remain  alive  in  huts  for  one  or  two 
months  and  possibly  longer.  Subsequent  to  the  drying  up  of  all  their 
breeding  places,  it  is  found  that  the  number  of  anophelines  do  not 
decrease  to  any  material  extent  for  several  weeks,  but  if  this  drying  up 
continues,  their  numbers  gradually  diminish  :  species  may,  however,  be 
caught  in  the  neighbourhood  for  two  months  (or  even  more)  afterwards. 

Generally,  in  captivity  mosquitoes  after  a  time  become  weak  and 
are  often  seen  to  fall  into  the  water  when  depositing  eggs,  'i'hey  find 
difficulty  in  hanging  on  to  smooth  glass.  Even  when  a  rough  surface 
is  provided,  they  are  repeatedly  found  at  the  bottom  of  the  cage  resting 
horizontally.    After  depositing  eggs  they  usually  die  the  same  night. 

In  very  hot  parts  of  India  during  summer  anophelines  which 
remain  through  the  very  dry  summer  appear  to  show  some  peculiar- 
ities in  their  "  habits  "  :— 

(1)  "They  feed  regularly  and  are  found  full  of  blood,"  thus 

contrasting  with  hybernating  mosquitoes. 

(2)  The  ovaries  are  in  the  majority  large  and  the  ova  fully 

developed. 

(3)  They  do  not  lay  their  eggs  even  when  test  pools  are  made 

near  the  houses  in  which  they  abound."  * 

In  the  hot  season  as  a  rule  only  few  breeding  grounds  are  to  be 
found  and  "  these  do  not  represent  the  distribution  of  anophelines  in 
the  area  in  question"  at  this  time  and  under  these  circumstances. 

Fecundation  of  mosquitoes.— In  nature  this  occurs  soon  after 
escape  of  the  imago  from  its  pupal  case  It  is,  m  fact,  seldom  that 
an  unimpregnated  female  is  found-  Pairing  occurs  in  the  sunshine. 
Union  of  the  sexes  may  also  occur  in  captivity  when  bred  out  from  larvae 
and  placed  in  test  tubes.  Eggs  have  been  laid  _  by  females  that  have 
never  paired  in  captivity,  but  such  eggs  do  not  yield  larvae. 

Rate  of  multiplication  of  mosquitoes.— Mosquitoes  are  very  rapid 
breeders.  All  the  species  of  anophelines  known  in  this  country  pass 
through  several  generations  during  the  period  from  the  commencement 
of  the  rains  to  the  setting  in  of  the  cold  weather.  It  has  recently  been 
calculated  by  FiCALBl  that  from  a  mother  stem  two  hundred  milhons  Oi 
mosquitoes  may  be  produced  in  four  months. t  During  the  breeding 
season  each  succeeding  generation  of  mosquitoes  becomes  considerably 
larger  in  numbers  than  the  preceding  one,  and  when  we  consider  the 

»  Stephens  and  Cuiustopheus,  Practical  Study  qf  Malaria,  3rd  Ed.,  p.  18. 
t  Journal  of  Tropical  Medicine,  15tli  Way  1909,  p.  27. 
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rapidity  of  their  multiplication  and  that  this  is  in  geometrical  progres- 
sion, there  is  obviously  an  enormous  advantage  gained  in  lessening  the 
number  of  generations. 

Local  irritation  from  mosquito  bites.— The  irritation  caused  by  a 
mosquito  bite  has  nothing  to  do  with  malaria.  The  irritation  is  caused 
by  the  fluid  injected  by  the  mosquito  from  the  diverticula  which  contains 
enzymes  of  bacteria  ;  this  causes  congestion  of  the  part  and  thus  admits 
of  a  full  supply  of  food  to  the  surface.  The  first  thing  the  mosquito  does 
is  to  insert  its  proboscis  into  the  skin  ;  the  next  is  to  project  this  poison, 
which  she  does  before  drawing  blood.  Persons  living  in  mosquito-ridden 
places  acquire  an  immunity  to  this  poison,  which  does  not  in  them 
produce  any  irritation,  just  as  some  men  in  this  country  who  are 
constantly  gathering  honeycombs  from  jungles  become  immune  to  the 
stings  of  bees.  It  is  well  known  that  some  people  possess  a  natural 
immunity  to  this  poison.  The  absence  of  irritation  is  therefore  not  a 
sign  of  exemption  from  malarial  infection — it  may  disguise  the  fact 
when  malarial  infection  has  occurred.  We  also  know  that  the  bite  of 
malaria-bearing  anophelines  is  associated  with  less  discomfort,  pain,  and 
annoyance,  than  that  of  either  of  the  other  two  chief  genera  of  mosqui- 
toes in  this  country  — Culex  and  Stegomyia.  The  irritation  caused  is 
less  in  inhabitants  of  mosquito  places.  This,  as  above  stated,  is  possibly 
explained  by  an  immunisation  against  the  bacterial  enzymes  injected 
from  the  diverticula  acquired  by  residence  in  the  area,  and  is  of  no 
importance  in  the  etiological  study  of  malaria. 

The  characteristics  of  the  sub-families  of  mosquitoes  are  fairly  well 
defined  and,  on  the  whole,  the  same  may  be  said  about  the  genera,  though 
from  the  fact  that  new  species  are  being  constantly  discovered  all  over 
the  world,  it  may  be  said  that  our  present  classification  will  in  the  future 
undergo  some  modification. 

In  the  study  of  mosquitoes  in  relation  to  malaria,  we  are  concerned 
with  only  two  sub-families — Anophelina  and  Culicina.  The  latter  is 
important  to  us  only  in  so  far  as  it  helps  us  to  study  avian  malaria, 
which  in  many  particulars  is  similar  to  human  malaria. 

Before  proceeding  to  a  detailed  consideration  of  the  more  important 
Indian  Anophelince,  it  may  be  useful  to  make  a  few  remarks  regarding 
the  two  genera  Culex  and  Stegomyia,  which  are  so  extensively  repre- 
sented in  this  country. 

Genus  Culex,  Linnaeus— Normally  have  narrow  curved  median 
head  scales,  and  similar  ones  on  the  scutellum.  Upright,  forked  and 
narrow  curved  scales  on  the  head,  which  has  also  lateral  flat  scales  and 
elongated  side  scales  on  the  wing  veins.  Male  palpi  are  pointed.  The 
type  species  is  0.  pipiens,  Linn.,  the  common  gnat  of  Europe,  and  in 
this  country,  the  G.  fatigana,  Weid. 

Culex  fatigans.  Weld.— It  is  essentially  a  domestic  mosquito 
and  is  not  a  strong  flier.  They  bite  at  night,  especially  indoors.  In 
most  districts  they  bite  viciously,  but  in  some  they  do  not  bite  at  all. 
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The  thorax  is  covered  with  narrow  curved,  golden,  brown  scales ; 
.  abdomen  has  basal  pale  bauds  to  the  segments  ;  the  legs  and  proboscis 
are  unhanded.    The  stem  of  the  first  marginal  cell  is  always  less  than 
one-fifth  the  length  of  the  cell. 

It  is  the  commonest  mosquito  of  this  country.  It  can  be  told  by 
the  first  submarginal  cell  being  immensely  long.  It  transmits  filiariasis 
to  man  and,  in  India,  is  the  common  carrier  of  Proteosoma  and  Halteri- 
dium  of  birds.  It  is  met  throughout  the  tropics  40°  N.  and  S.  of  the 
Equator,  having  a  similar  range  to  Stegomyia. 

Ova  of  C  li  I  ex  fatif/n/ns.— The  eggs  occur  as  an  irregular  raft- 
shaped  mass  on  the  surface  of  water  ;  the  raft  is  often  shaped  like  a  pointed 
elUpse,  convex  below,  concave  above  ;  all  the  eggs  are  standing  on  end 
closely  applied  side  by  side  in  from  6  to  13  longitudinal  rows,  with  3 
or  4  to  40  eggs  in  a  row.  Each  raft  consists  of  from  200  to  400  eggs. 
The  individual  eggs  are  0  7  mm.  long  and  0-16  mm.  in  diameter  at  the 
base  The  egg  mass  is  about  one  quarter  of  an  inch  long.  The  eggs  are 
first  deposited  after  the  commencement  of  the  rams.  At  the  beginning 
of  the  rains  they  hatch  out  in  from  16  to  24  hours.  Ihey  o  ten  issue 
from  the  under  side  of  the  egg  mass  and  are  very  active.  They  trequently 
come  to  the  surface  to  breathe,  and  during  the  first  few  hours  of  life  may 
be  seen  under  the  shell  of  the  raft  getting  air  from  the  air  film  by  which 
the  mass  is  surrounded. 

Larvae  of  Culex  fatig arts. —The  mouth  of  the  larva  is  provided 
with  tufts  which  are  constantly  v.brating. 

The  head  is  large,  antennae  long,  thorax  swollen  abdomen  slender, 
the  sides  of  the  bodv  are  provided  with  bristles.  The  siphon  tube  is 
long  and  springs  from  the  dorsal  surface  of  the  8th  abdominal  segnaent, 
and  this  tube  is  thrust  through  the  surface  film  of  water  when  the  larva 
rises  to  breathe  The  extremity  of  this  tube  is  provided  with  a  spiracle 
an^il  t  run  the  two  iBain  tracheae  of  the  body.  The  true  end  of  the 
bodv  ^  provided  with  four  flat  flaps.  The  specific  gravity  is  shghtly 
higher  than  water,  but  the  difference  is  so  small  that  the  tension  of  the 
See  film  of  the' water  is  sufficient  to  maintain  it  without  exertion 
while  breathing. 

Genus  Steaomyia.-The  species  of  this  genus  are  easily  diag- 
nosed brthehefdTnd  scutellum'  being  entirely  clothed  with  broad 
Tt  scales  The  scales  on  the  clyheus  Sf  Stegomyia  separate  the  genus 
from  all  others  in  which  it  is  nudi  They  are  ^f^.^^^^^^^'f, 
mosquitoes  and  from  the  striped  or  banded  character  of  the  legs  are 
called  in  this  country  the  "  tiger  mosquito. 

rmnnd  the  world  extending  to  38°  N.  and  S.  ot  the  Equatoi.  It  is 
nnWersa  in  India.  It  is  rather  small  and  breeds  continuously  all  the 
vear  round  in  certain  parts  of  India.  It  is  a  handsome  insect,  dark  in 
Srw^b  Bilvery  white  bands  on  the  legs,  conspicuous  silvery  stripes 
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on  thorax,  silvery  bands  on  palpi,  silvery  spots  on  the  side  of  the  thorax 
and  abdomen.  Its  chief  character  is  its  ornamental  thorax  which  has 
a  curved  silvery  line  on  each  side  and  two  dull  yellow  parallel  lines  in 
the  middle.  In  some  specimens  these  central  lines  are  absent.  It  is 
an  active  biter  both  by  day  and  night.  It  is  the  carrier  of  yellow 
fever.  In  the  natural  condition  it  breeds  in  fresh  water,  but  in  and 
around  towns,  villages  and  houses,  will  breed  in  any  artificial  collection 
of  water,  such  as  barrels,  puddles,  cisterns,  tins,  broken  bottles,  etc. 
It  is  domestic,  seldom  seen  far  from  human  habitations.  They  are, 
however,  also  forest  dwellers.  It  is  a  long  lived  mosquito.  Guiteras 
has  kept  them  alive  for  150  days,  and  in  the  dry  season  with  no  oppor- 
tunity to  lay  eggs  this  is  said  to  be  a  common  period  of  longevity.  Its 
length  of  flight  is  not  known  definitely,  but  it  has  been  found  on  board 
a  ship  a  mile  from  shore,  the  vessel  having  come  from  a  non-mosquito 
country.  All  Stegomyia  when  resting  on  a  dark  background,  such  as  a 
black  coat  or  dress,  presents  a  peculiarly  striking  appearance  ;  the  white 
bands  on  the  legs  at  once  distinguish  it  from  GiUex  and  Anophelince- 
They  can  usually  be  diagnosed  as  such  on  the  wing. 

Stegomyia  eggs  are  deposited  singly,  each  on  its  side,  preferably 
in  artificial  collections  of  water,  such  as  cisterns,  fire  buckets  and  tubs. 
The  eggs  are  found  singly  or  in  groups  forming  parallel  or  geometrical 
figures  ;  they  are  black  in  colour,  cylindrical  in  shape,  with  conical  ends, 
one  blunter  than  the  other,  0-6  mm.  long  and  0'16  broad.  They  deposit 
from  about  35  to  110  eggs  at  a  time,  the  average  being  50.  They  are 
very  hardy  and  withstand  dessication.  They  have  been  thoroughly 
dried  for  three  months  and  then  hatched  in  water  (Taylor).  They 
hatch  after  deposit  in  water  from  12  hours  to  three  days,  depending  on 
the  temperature  of  the  water. 

Larvae  of  Stegomyia  calopus— The  larvcB  are  like  those  of  G. 
fatigans  but  more  slender;  the  respiratory  tube  is  stumpy,  short, 
and  swollen  in  the  middle  like  an  olive  ;  growth  is  very  rapid,  the 
minimum  period  of  development  being  six  days.  They  seem  to  develop 
rapidly  in  foul  stagnant  water.  Any  place  in  which  rain  water  has 
collected  may  contain  them. 

The  pupa  is  rather  dark  in  colour  ;  it  has  a  longer  abdomen  and 
shorter  thorax  than  C.  fatigans ;  its  minimum  period  of  development  to 
imago  is  two  days. 

Stef/.  scntellaris,  Walker— is  a  vicious  biter,  very  common  in 
this  country,  especially  inland.  The  thorax  has  only  one  median  silvery 
stripe  by  which  it  is  distinguished  from  the  unusually  ornamental 
thorax  of  S.  calopus. 

Stegomyia  larvae  are  chiefly  found  in  artificial  collections  of  water, 
but  they  also  occur  in  natural  pools.  Stegomyia  calopus  selects  small 
collections  such  as  tubs,  pots,  jars,  tanks, 'ponds,  cisterns,  ditches,  etc. 
Culex  are  .found  in  all  kinds  of  places  such  as  drains,  refuse  waters,  fire 
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buokets,  etc.    They  feed  on  all  kinds  of  minute  organisms  floating  in 
water  or  resting  on  the  bottom  of  their  breeding  grounds. 

To  comprehend  the  present  day  prophylactic  measures  against 
malaria  it  is  necessary  to  know  something  about  methods  of  classifica- 
tion and  the  identification  of  Anophelina  from  other  sub-families  of 
mosquitoes  ;  we  have  already  considered  the  general  characters  of  the 
Culicidee  and  roughly  considered  the  Culicinse,  it  is  now  only  necessary 
to  deal  with  Indian  Anophelince. 

General  characters  of  knoi^lielinad.  -  Anophelince  may  be  told 
from  other  mosquitoes  by  the  combined  characters  of  the  long  palpi  in 
both  sexes    absence  of  flat  thoracic  and  scutellar  scales,  and  their 
straight  proboscis.    Almost  all  have  spotted  wings,  and  when  at  rest  are 
at  an  ancrle  to  the  resting  surface,  the  head,  thorax  and  abdomen  being  in 
one  line''  The  larvae  of  anophelines  have  no  siphon  tubes,  and  m  the  water 
rest  parallel  with  the  surface.    Anophelines  at  rest,  with  few  exceptions, 
may  be  recognised  by  its  general  resemblance  to  a  thorn  stuck  m  the 
surface  of  what  it  is  resting  on,  the  proboscis  and  body  being  much  m 
one  line,  whilst  in  culicines  there  is  an  angle  formed  between  proboscis, 
head  thorax  and  the  abdomen,  giving  them  a  hunchbacked  appearance  ; 
in  both,  the  hind  legs  are  free  from  the  resting  surface.    It  should  be 
remembered  that  Myzomyia  cuLicifaGies,  a  general  malaria-carrier  m 
India,  rests  flat  like  a  Culex. 

There  are  18  genera  in  the  sub-family  Anoijhelina,  but  we  are 
only  specially  concerned  with  8  of  these  genera-Anopheles,  Myzomyia, 
Stethomyia,  Pyretophorus,  Myzorhynchus,  Nyssorhynchus,  Cellia,  and 

Neocellia. 

The  primary  characters  by  which  the  genera  of  Anophelince  are 
recognised  are  the  arrangement  and  shape  of  the  hairs  on  the  thorax 
and  abdomen. 

SUB-FAMILY  ANOPHELINA. 
Genus  Anopheles,  Meigen. 

Contains  a  few  large  species  met  with  on  the  hills  i^n  India.  One 
has  recently  bred  out  a  new  species  of  this  genus  J^^^  "J-^", 

inDehraDun     It  has  not  as  yet  been  described.    The  type  species 
Z  TZTulipennis..,  A.  \ifurcatus,.X.oV.  of  -^^ch -e^^^^^^^^^ 
carriers  in  Europe,    The  true  Anopheles  only  occur  m  Eu.ope,  JNortb 
AmerJca!  North  ^Africa,  on  some  of  the  Himalayan  mountains  in  India 
and  in  Queensland,  Australia. 

They  are  diagnosed  by  the  hair-like  curved  scales  on  the  thorax 
and  abdomen  and  by  the  wings  being  rather  densely  scaled  with 
lanceolate  scales. 


Anopheles : — Indian  species — gi(jris,  lindesayii,  aitkeniif  imma- 
culatus.  Personally  I  believe  this  geuus  is  more  widely  represented  in 
India  than  is  generally  supposed. 

Genus  Myzomyia,  Blanchard. 

This  genus  is  almost  universally  represented  in  India.  The  type 
in  this  country  is  31.  listoni.  They  are  structurally  like  Anopheles 
but  differ  in  appearance —usually  a  few  narrow  curved  thoracic  scales 
projecting  over  the  head,  whilst  wing  scales  are  much  smaller  in  pro- 
portion, but  are  long  and  narrow,  and  slightly  lanceolate,  the  wings  are 
more  uniformly  spotted,  and  always  so  along  the  costse. 

Myzomyia  : — Indian  species — listoni,  culicifacies,  turkhudi. 

Myz,  listoni  and  Myz.  culicifacies  are  malaria-carriers. 

Genus  Stethomyia. 

In  addition  to  upright  forked  scales  present  on  the  head  of  all 
anophelines,  there  are  some  flat  scales  on  the  median  area  of  the  head. 
Wing  scales  lanceolote  in  shape. 

Stethojny ia  '.—Indisin  species — culiciformis. 

Genus  Pyretophorus,  Blanchard. 

Whilst  the  type  species  is  the  P.  costalis  of  West  Africa  (an 
undoubted  malaria-carrier),  the  type  is  represented  almost  throughout 
India.  The  genus  is  diagnosed  by  narrow  curved  thoracic  scales  and 
hairy  abdomen  ;  the  wings  are  much  spotted.  There  are  no  scales  on 
the  abdomen. 

Pyretophorus : — Indian  sitecies—negrifasciatus,  jeyporiensis,  ele- 
gans.  P.  jeyporiensis  is  probably  a  carrier  of  malaria,  though  this 
has  not  been  proved  by  the  finding  of  sporozoites  in  the  salivary  glands. 

Genus  Myzorhynchus,  Blanchard. 

This  is  a  very  characteristic  genus  of  large,  dark,  densely  scaled 
species,  found  in  Asia,  Africa,  Europe  and  Australia.  The  thorax  with 
hair-like  curved  scales,  abdomen  with  ventral  and  apical  scales,  and  a 
median  ventral  apical  tuft,  and  with  very  densely  scaled  palpi  in 
the  female,  and  densely  scaled  proboscis. 


Myzorhynchus:— ladia.n  speoies— barb irostr is,  nigerrimus. 


Genus  Nyssorhynchus,  Blanchard. 

This  is  a  genus  of  closely  allied  species  found  in  this  country  (also 
in  Africa  and  Australia).  It  appears  to  be  an  essentially  Indian  mos- 
quito— 7  of  the  12  known  species  are  met  with  in  this  country  and 
Nyfis.  maculipalpis,  Giles,  is  common  to  India  and  Africa.  The 
thorax  is  covered  with  narrow  curved  spindle-shaped  scales,  the  abdomen 
with  small  flat  or  narrow  curved  dorsal  scales  in  tufts  (a  few  tufts 
projecting  laterally),  especially  on  the  apical  segments  or  in  patches ; 
the  legs  are  always  Isanded  or  spotted  with  white,  and  the  tarsi  have 
as  a  rule  one  or  more  pure  white  segments.  This  banding  and  spotting 
is  of  no  generic  value.    The  palpi  are  thickly  scaled. 

This  species  shows  considerable  scale  variations.  The  type  is 
the  Nyss.  maculatus,  Theobald. 

Nyssorhynchus  : — Indian  species — maculatus,  stephensi,  will- 
mori,  karwari,  theohaldi,  maculipalpis,  jamesi,  fuliginosus.  Both 
N.  stephensi  and  N.  fuliginosus  are  carriers  of  malaria. 


Genus  Cellia. 

A  very  characteristic  genus.  Flat  spindle-shaped  scales  on  thorax. 
The  abdomen  is  nearly  completely  covered  with  scales  disposed  irregu- 
larly on  the  dorsum,  and  dense  tufts  projecting  laterally;  palpi  and 
wings  densely  scaled. 

Indian  s-gecies—pulcherrima.  punctulata. 

Genus  Neocellia. 


Flat  spindle-shaped  scales  on  thorax  ;  the  abdominal  scales  being 
as  in  Cellia  but  without  the  lateral  tufts.  The  species  are  classified  by 
Theobald  as  follows :  — 

A.  Last  hind  tarsi  white. 

B.  Palpi  apex  black. 

1.  iV.  -incZica— Dehra  Dun. 
BB.  Palpi  apex  white. 

2  N  dudqeonii.  Resembles  wtiimori,  but  has  not  apical  and 
3  banding  of  tarsi  to  fore  and  mid-legs,  is  non-spotted 
in  nature,  no  white  on  first  tarsi,  thorax  not  dark  brown. 
Head  scales  black  and  white,  not  all  white.  Found  in 
the  Kangra  Valley. 
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AA.  Last  hind  tarsi  not  white. 

3.  iV.  intermedia.    Femora  and  tibiae  yellow  spots,  costa  six 
black  spots.    Palpi  apex  black.  Deesa.* 

The  distinctions  between  the  species  of  anophelines  known  to  be 
malaria-carriers  and  those  that  are  doubtful  carriers  in  India  are 
based  upon  the  markings  on  the  wings,  legs,  and  palpi,  these  markings 
being  caused  by  patches  of  light  and  dark  scales  The  species  can  be 
distinguished  by  the  use  of  the  following  tablesf  : — 

ilf.  listoni  (Liston)  ...  ...    Wings  spotted.    The  third  longi- 

tudinal vein  is  white  scaled  in 
almost  its  luhole  length.  Legs 
black  with  no  trace  of  banding. 
Palpi  with  three  white  bands, 
the  outermost  of  which  includes 
the  tips.  Natural  carrier  of 
malaria. 


M.  culicifacies  (Giles) 


M.  turkhudi  (Liston) 


F.  jeyyoriensis  (James) 


Wings  spotted.  The  third  longi- 
tudinal vein  is  black  scaled  in 
its  whole  length.  Legs  black 
with  a  few  light  scales  at  the 
tibio-metatarsal  joints.  Palpi 
with  three  yellow  bands.  Natural 
carrier  of  malaria. 

A  large  brown  mosquito  quite  dif- 
ferent in  appearance  from  the 
above.  The  palpi  have  three 
white  bands,  but  the  tips  of  the 
palpi  are  black.  There  are  light 
scales  at  the  distal  extremities 
of  the  femora  and  tibi^  in  all 
the  legs,  and  the  hind  femora 
have  a  broad  pale  area  in  the 
middle  third  of  their  lerrgth. 

Palpi  with  three  white  bands.  Tips 
white.  Legs  black  with  minute 
bands  at  the  tarsal  joints.  It  is 
a  small  dark  mosquito  like  lis- 
toni and  culicifacies.  [Is  pro- 
bably a  natural  carrier  of  malaria 
P.  H.] 


»  Stephens  aud  Christophers,  Practical  Study  of  Malaria,  3rd  Ed.,  p.  176. 
t  Copied  from  Major  S.  P.  James',  I.M.S.,  Malarial  Fevers,  3rd  Ed.,  p.  34,  e<  seq. 
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iV.  fidiginosus  (Griles) 

iV.  jamesi  (Theobald) 
N.  maculipalpis  (Giles) 
■  2V.  theobaldi  (Giles) 


JSl.  stephensi  (James  and  Lis- 
ton). 


Pa.  rossi 


Only  the  5th  hind  tarsal  segment 
is  white. 

Only  the  5th  hind  tarsal  segment 
is  white,  but  differs  from  macuL- 
atus  iu    having   the  abdomen 
thickly  scaled. 
The  3rd,  4th  and  6th  hind  tarsal 
segments  are  white.      Legs  not 
speckled.    Natural    carrier  of 
speckled. 
Like  fuliginosus,  but  the  legs  are 
malaria. 

Like  fuliginosus,  l)ut    the  legs 
and  palpi  are  speckled. 
,  Only  the  4th  and  oth  hind  tarsal 
segments  are  white.  Legs  speck- 
led. 

The  legs  are  speckled.  Tarsal  joints 
banded,  but  none  of  the  hind 
tarsal   segments   pure  white. 
Natural  carrier  of  malaria. 
Palpi  with   three   white   bands  ; 
wings  have  four  spots  and  some 
basal  spots.    The  second  large 
spot  has  the  characteristic  T 
shape,   but  this   varies.  The 
tarsal  joints  are  banded,  but  none 
of  the  hind  tarsal  segments  are 
pure  white.    The  legs  are  not 
speckled. 

Rossi  cannot  be  located  amongst  the  eight  Indian  genera  and  it  is 
found  necessary  to  introduce  a  new 'genus  for  it,  viz.,  Pseudomyzomym^ 
S  species  is^generally  considered  not  to  be  a  natura  carrier  of  malaria 
although  it  has  several  times  been  made  to  do  so  artihcialiy. 

Ps.  rossi  is  one  of  the  commonest  anopheliues  in  India.    It  breeds 
in  difty  pools,  puddles  and  small  collections  of  water,  f  ^reas 
riWLl--ot  found  in  such  pools,  but  ^oo^r. ^^-J^^^^^^^^ 
water,  small  canals,  tanks,  superficial  wells  etc.    -^.t^e  ini^^^^^^^ 
quently  deduced  from  a  malaria-bearing  pomt  ^^^^^.f '       ^  ^h  s  per- 
Lesslry  to  primarily  attack  such  Peddles,  auc  pools  w^^ 
mits  of  our  concentrating  our  energies  and  available  ^^^^s^^^  J^^^^hX,^^^ 
S  the  known  habitats  of  ova  and  larv^  of  malaria-bear^ g  ^f^^^^^^^'^ 
OnP  disafrrees  entirely  with  such  a  view— the  larvse  of  Nys.  tii^LigmosiLS 
has  b-nSdSy  foul  rain-water  puddles  on  -veral  occasxons;  of 
Tys  stVhensi  in  garden  cisterns,  and  of  Myz.  cui^c^tac^es  in  small, 
foul,  drying  up  pools. 
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One  has  not  included  Ps.  rossi  in  the  natural  carriers,  although 
one  does  not  consider  that  we  are  as  yet  quite  justified  in  excluding  it 
from  the  malaria  of  India.  We  know  that  it  carries  experimental 
malaria,  and  that  in  some  places  in  India  where  malaria  is  fairly 
severe  it  abounds,  the  known  malaria-carriers  being  few.  We  have 
so  far  only  record  of  about  1,200  or  1,400  dissections  of  "Ps.  rossi  in 
which  malarial  parasites  were  absent  from  the  midgut  or  salivary  glands. 
These  anophelines  occur  in  myriads  in  some  localities ;  because  in 
a  few  hundred  dissections  in  a  station  we  do  not  find  malaria  parasites 
we  are  not  quite  justified  in  exculpating  them.  Were  about  2,000  or 
so  caught  in  the  huts  of  infected  persons  found  to  be  free  from  sporozoites 
and  zygotes,  it  would  be  highly  probable  that  they  are  not  natural  carriers 
in  those  huts.  It  is  very  probable  that  they  are  not  carriers  in  the 
places  where  these  dissections  were  conducted.  They  may  be  so  in  other 
places.    So  far,  however,  they  have  not  been  proved  to  be  carriers. 

"  The  attempt  to  ascertain  the  correct  genus  of  an  Anopheline  is 
a  task  which  the  student  of  tropical  medicine  need  not  necessarily 
undertake,  and  those  who  decide  to  neglect  the  generic  grouping  of  the 
Anophelince  will  be  able  to  ascertain  the  correct  specific  name  of  any 
species  which  they  may  find  in  India  by  the  use  of  the  following 
table  :— 

TABLE  OF  THE  INDIAN  SPECIES  OF  ANOPHELIN^.* 

I.  — Wings  Unspotted. 

A. — Palpi  unbanded. 

A.  ailkeni  (James)    ...  ...  A  small  dark  mosquito.    No  flat 

scales  on  head.  Transverse  veins 
of  wings  not  in  one  line. 

S.  culiciformis  (James  and  Liston)  A  rather  large  brown  mosquito."  A 

few  flat  scales  on  the  median 
area  of  the  head.  Transverse 
wing  veins  in  one  line. 

B.— Palpi  with  white  bands. 
A.  immaculatus  (Theobald). 

II.  — Wings  Spotted, 
A. — Palpi  unbanded. 


A.  lindesayi  (Giles)  ... 


...  The  wing  has  one  large  white  spot 
near  the  apex.  Femora  of  hind 
legs  with  a  broad  white  band. 
Palpi  not  densely  scaled. 


*  From  Major  S.  P.  James,'  I.M.S.,  Malarial  Fevers,  p.  37,  et 
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A.— Palpi  UNiJAisDED — (contd.) 

M.  barhirostris  (Ym  der  Wxi]]))  ...  A  very  large  species  with  black 

densely  scaled  palpi.  One  white 
spot  at  distal  end  of  wing. 


M.  gigas  (Giles) 


..  A  very  large  hill  species.  Costa 
of  wing  has  two  black  spots. 


B,— Palpi  with  four  white  bands. 


M.  nigerrimus  (Giles) 
G.  pucherrhna  (Theobald) 

C.  punctidata  (Donitz) 


Ne.  intermedia  (Rothwell) 

P.  elegans  (James)  ••• 
N.  karwari  (James)  ... 


Tarsal  joints  banded,  but  none  of 
the  hind  tarsal  segments  pure 
white. 

Abdomen  covered  with  broad  white 
scales.  Legs  speckled.  The  3rd, 
4th  and  5th  hind  tarsal  segments 
pure  white. 

Legs  banded  and  speckled,  but 
none  of  the  hind  tarsal  segments 
pure  white.  Abdomen  with 
white  scales  which  form  tufts  at 
the  sides. 

Like  punciulata,  but  the  abdo- 
minal scales  are  less  dense  and 
do  not  form  tufts  at  the  sides. 

,  Like  ptmctulata,  but  no  scales  on 
abdomen. 

,  Legs  not  speckled,  but  with  bands 
at  the  joints.  The  5th  tarsal 
segment  of  hind  legs  pure  white. 


C  — Palpi  with  three  white  bands. 
I.— Tips  of  palpi  black. 


M.  turkhudi  (Liston) 

P.  nigrifasciatus  (Theobald) 
Ne.  indica  (Theobald) 


None  of  the  hind  tarsal  segments 
white.  Thorax  with  hair-like 
scales. 

Like  turkhudi,  but  the  thorax  has 
narrow  curved  scales. 

Only  the  5th  hind  tarsal  segment 
is  pure  white.  Abdomen  with 
flat  scales. 
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C— Palpi  with  three  white  baj^I)S—( contd.) 

11. —Tips  of  palpi  white. 

' N.  fuliginosus  (Giles)    Tarsal  joints  banded ;  legs 

not  speckled.  The  3rd, 
4th  and  5th  hind  tarsal 
segments  pure  white 

N.  jamesi  (Theobald)    As  above,  but  with  speck- 
led legs. 


One   or  more  of 
the  hind  tarsal 


N.  maculipalpis (Giles)  As  above,  but  with  legs 

and  palpi  speckled. 


segments  are'^  ^'  ^^^^baldi  (Giles),..  Only  the  4th  and  6th  hind 
pure  white.  ^^^^^^  segments  are  pure 

white. 

Only  the  5th  hind  tarsal 
segment  is  pure  white. 

Differs  from  maculatus  in 
having  many  scales  on 
the  abdomen. 

Very  like  willmori. 

The  legs  are  not  speckled. 

The  legs  are  speckled. 
Abdomen  covered  with 
scales. 

The  third  longitudinal 
vein  of  wing  white 
scaled.  Six  white 
patches  on  wing  fringe. 


N,  maculatus  (Theo- 
bald), 

N.  willmori  (James).., 


N.  dudgeoni  (Theo- 
(.    bald ). 

Tarsal      joints  f  Ps.  roasi  (Giles) 
banded,       but  | 

none  of  the  hind N.  stephensi  (Liston 
tarsal  segments  |     and  James). 


pure  white. 


'M.  listoni  (Liston) 


Legs  uniformly 
coloured  with- 
out   bands   ov  {  M.jeyporiensis{J ames)  Seven  white  patches  on 
white  segments.  -  - 


wmg  fringe.  Faint 
white  spots  at  some  of 
the  joints  of  the  legs. 

IM.  culici fades  (Giles)    Third   longitudinal  vein 

of  wing  black  scaled. 
Faint  white  spots  at 
some  of  the  joints  of  the 
legs. 
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The  following  examples  will  serve  to  illustrate  the  method  of 
using  this  table  : — 

"  Example  I. — A  female  mosquito  with  palpi  as  long  as  the  pro- 
boscis, i.e.,  it  belongs  to  the  sub-family  Anophelince. 

Wings. — Spotted. 

Palpi.— With  three  white  bands  or  rings,  one  broad  ring  including 
the  tips  (which  are  therefore  white),  and  two  narrower  ones. 

It  therefore  comes  among  the  spotted  winged  Anoplielines  under 
the  group  C,  sub-group  II. 

Legs.— There  are  white  bands  at  the  tarsal  joints,  but  none  of  the 
hind  tarsal  segments  are  pure  white,  and  there  is  no  speckling  of  the 
legs  in  addition  to  the  bands. 

Diagnosis — rossi. 

Confirm  by  careful  examination  of  the  wing  markings. 

"  Example  2  A  female  Anopheline. 

Wings. — Spotted. 

Palpi.— Wiih  three  white  rings,  the  outermost  of  which  includes 
the  tips.  In  addition  to  the  three  complete  rings  there  are  one  or  two 
small  patches  of  white  scales,  which  do  not  amount  to  a  complete  ring 
or  band,  on  the  upper  surface  of  each  palp,  i.e.,  the  palpi  are  marked 
with  three  bands  and  are  speckled  in  addition. 

Leas  —The  3rd,  4th,  5th,  and  the  apex  of  the  2nd  tarsal  segments 
of  the  hind  legs  are  pure  white.  There  are  white  bands  at  the  other 
tarsal  joints,  and  the  femora  and  tibise  are  brilliantly  speckled  with 
white  scales. 

Diagnosis — maculipalpis. 
"Example  3.— A  female  Anopheline. 
■prints.— Spotted. 

Pai^ji.— With  three  white  rings  and  the  tips  white. 

Xe^s.— Uniformly  coloured  without  definite  bands  at  the  tarsal 

ioints.  .     , .  , 

Diagnosis — hstom,^ 

jeyporiensis,  or 
culicifacies. 

Separate  by  careful  examination  of  the  wing  markings," 
This  table  may  with  confidence  be  accepted  as  a  simple  guide  to 
the  identification  of  the  known  species  of  Indian  AnophehncB, 


71 


EXAMINATION  OF  ANTOMICAL  STRUCTURES  OF  ANOPHELINES. 

The  first  step  is  to  be  quite  sure  that  we  recognise  anophelines  when 
we  see  them. 

Examination  of  proboscis,  palpi,  and  antennss,  at  once  gives  the  sex 
and  whether  the  insect  is  an  anopheline  or  not.  In  the  anopheline  the 
proboscis  is  straight  and  the  palpi  are  as  long,  or  nearly  as  long,  as  the 
proboscis. 

Head. — Note  the  character  of  the  scales,  especially  the  upright 
forked  scales. 

In  most  anophelines  a  prominent  tuft  of  white  hair  projecting 
forward  from  the  anterior  of  the  head  will  be  seen." — (S.  P.  James). 

The  palpi. — The  banding  of  the  palpi  by  white  scales  is  most  useful 
in  recognising  species.  The  apices  of  the  palpi  are  generally  white, 
but  they  are  dark  in  Mijz.  tLork/mdi,  and  Nyss.  theobaldi,  var.  7iag- 
purensis.  The  number  of  bands  on  the  palpi,  their  width  and  distance 
apart,  whether  the  two  apical  ones  are  of  equal  width  to  the  other  palpal 
bands,  etc.,  are  of  some  significance.  In  this  connection  one  should  not 
forget  the  difiFerences  that  occur  in  the  same  species  from  even  the  same 
batch  of  eggs,  and  that  seasonal  variations  likewise  occur.  We  look  also 
for  white  scaled  patches  on  the  segments  of  the  palpi — these  are  impor- 
tant. 

Antennae. — In  examining  antennce  note  whether  they  are  densely 
covered  with  scales  or  not,  whether  all  of  one  colour,  or  adorned  with 
white  bands  and  the  number  oE  these  latter,  their  position  and  relative 
size.  In  the  male  the  antennoi  are  covered  with  long  hairs,  the 
antenuEe  having  a  plumose  appearance  in  front  of  the  head.  This  can 
be  seen  with  the  naked  eye.  In  the  female  the  antennas  are  almost  bare 
and  in  no  mosquitoes  found  in  this  country  have  they  long  hairs.  The 
adult  female  may  also  be  recognised  when  the  abdominal  cavity  is 
distended  with  eggs  or  is  full  of  blood  recently  sucked. 

Thorax. — The  dorsum  is  covered  with  scales  or  hairs  or  with 
both ;  the  character  of  these  scales  is  to  be  noted. 

Scutellum. — The  scutelkvm  is  always  simple  in  anophelines  and 
never  tri-lohed  as  is  the  case  in  all  other  Gulicidce.  It  is  provided  with 
hairs  or  scales. 

The  Post-scutellum  or  metanotum. — This  is  bare. 

Halteres. — The  knobs  of  the  halteres  or  balancers  are  covered  with 
many  small  scales. 

Abdomen.— This  region  is  very  important.  In  some  species  there 
are  very  long  hairs,  but  no  scales.  In  other  species  in  addition  to  hairs  a 
few  scales  are  seen  on  the  ventral  surface  of  the  last  one  or  two  segments 
only.    In  others  again  the  dorsum,  of  each  segment  is  thickly  set  with 
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white  or  golden  brown  scales  which  in  some  species  are  very,  broad  and 
in  others  more  or  less  spindle-shaped.— (S.  P.  James.) 

Several  of  the  species  of  Nyssorhynchus  can  readily  be  diagnosed 
by  the  number  of  white  tarsal  bands,  which  may  vary  from  1  to  3  and 
a  fraction  of  the  next  segment.  The  femora  and  tibite  may  be  speckled  or 
uuspeckled.  The  two  species  of  Gellia  met  with  in  India  may  be  recog- 
nised by  examining  the  tarsi  of  the  hind  legs  apart  from  the  four  white 
bands  on  the  palpi. 

Ungues  are  sharp  pointed  horny  structures  6xed  to  the  tip  of 
the  fifth  tarsal  segment  of  each  leg. 

Wings. — We  note  the  relation  and  position  of  the  different 
dark  and  light  scaled  areas  on  each  vein.  The  chief  spots  consist  of 
groups  of  scales  on  the  costal,  sub-costal,  and  first  longitudinal  veins. 
These  spots  are  sometimes  arranged  in  a  characteristic  manner  as 
seen  in  the  "  T  spot"  of  Ps.  rossi.  In  all  species  variations  are  met  with 
in  these  spots,  and  minor  differences  are  insufficient  to  form  a  new 
variety  and  scarcely  ever  so  to  give  rise  to  a  new  species  This  is  con- 
stantly seen  in  the  imagines  of  anophelines  bred  out  of  the  same  batch 
of  ova.  Nevertheless  the  number  and  grouping  of  the  spots  are  of  some 
importance  in  diagnosing  species. 

The  small  areas  of  scales  found  on  the  third  to  the  sixth  longitu- 
dinal vein  are  of  use,  and  in  describing  an  anopheline  wing  the  arrange- 
ment of  these  areas  should  be  given.  The  degree  to  which  the  third 
long  vein  is  scaled  is  also  of  special  significance.  A  complete  descrip- 
tion of  a  wing  should  include  all  the  minute  spots  on  the  wing. 

The  wing  fringe  possesses  at  the  points  where  the  long  veins  inter- 
sect the  margins  a  variable  number  of  pale  areas.  The  shape  of  the 
wing  scales  is  to  be  noted  by  examination  of  a  wing  under  a  cover  glass. 

The  legs.— The  legs  of  anophelines  are  longer  and  thinner  than 
those  of  other  mosquitoes.  Like  those  of  other  mosquitoes  the  legs 
consist  of  (1)  Com  and  trochanter,  which  are  small  structures  at  the 
beginning  of  the  legs  ;  (2)  femur  ;  (3)  tibia  ;  (4)  tarsus,  which  consists 
of  five  segments,  the  fifth  carrying  the  claws  or  ungues.  "  It  is  necessary 
to  make  a  careful  examination  of  the  markings  on  each  leg  beginning 
with  those  on  the  femur  and  ending  with  those  on  the  faith  tarsal 
segment "  The  various  tarsal  segments  may  be  banded  or  speckled  and 
the  banding  may  be  apical  or  basal  on  the  tarsal  segments.  In  some 
species  complete  bands  of  white  scales  encircle  the  legs  near  the  joints, 
and  the  position  of  these  bands  should  be  noted. 

In  addition  small  patches  of  white  scales  will  be  found  in  some 
species  on  certain  segments  of  the  legs  {speckling)^  ^^d  in  so me_  species 
one  or  more  of  the  terminal  tarsal  segments  of  the  legs  will  be  found  to 
be  white  scaled  in  their  whole  length. 

Other  points  of  comparative  insignificance  are  the  position  of  the  cross 
veins  on  the  wings,  characters  of  the  ungues  and  genitalia  m  the  male. 


The  most  satisfactory  wRy  of  acquiring  a  familiarity  with  the 
diflFerent  species  of  anophelines  in  a  locality  is  that  of  breeding  them 
from  ova  and  larvae. 

Some  of  the  known  species  of  Indian  anophelines  can  be  at  on<5e 
recognised  by  examining  the  wing,  the  bandings  on  the  legs,  and  bands 
on  the  palpi,  but  a  hurried  examination  of  the  wings  and  legs  may  not 
only  lead  to  error  but  to  the  non-recognition  of  new  species. 

In  describing  an  anopheline  the  position,  number,  and  dimensions 
of  the  pale  bands  (if  any)  on  the  palpi  and  on  all  the  last  tarsal  joints, 
any  adornments  in  the  shape  of  white  lines  or  groups  of  white  or  coloured 
scales  on  the  body,  and  the  markings  on  the  costal  borders  of  the  wings 
in  the  shape  of  groups  of  white  scales,  should  be  given.  Anophelines  are 
often  called  the  spangled  "  or  spotted  winged  mosquito,  and  "  marsh  or 
swamp  mosquito,"  both  of  which  are  not  altogether  correct  descriptions,  as 
there  are  anophelines  without  spots  on  the  wings,  and  anophelines  breed 
in  other  places  besides  swamps  ;  nevertlieless  these  appellations  show 
two  of  their  commonest  peculiarities.  All  anophelines  that  carry 
malaria  in  India  have  spotted  wings  and  most  anophelines  prefer 
breeding  in  swamps. 

The  number  of  species  of  anophelines  in  any  particular  place  under 
investigation  is  fortunately  small,  and  the  difficulties  of  identification 
therefore  easily  overcome.  The  maximum  number  of  anophelines  found 
by  me  in  any  one  station  was  eight ;  six  of  these  eight  were  bred  out 
from  the  Tons  and  Nun  rivers  in  Dehra  Dun  between  the  11th  and  16th 
October  1909.  The  number  of  species  in  each  of  the  genera  of 
Indian  Anopheline  is  also  small,  so  that  if  the  genera  is  recognised  the 
distinction  of  the  species  with  the  aid  of  the  table  quoted  is  compara- 
tively easy.  With  this  table  it  is  not  necessary  to  trouble  oneself  about 
the  genus. 

Anopheline  larvae. --In   early   life   anopheline  larvte  normally 
remain  on  the  surface,  and  even  when  of  moderate  size  seldom  go  to  the 
bottom.    When  moving  on  the  surface  they  wriggle  backwards  The 
body  is  lield  parallel  with  the  surface  and  just  below  the  surface  filrii 
so  that  a  pprt  of  the  head  and  the  two  breathing  orifices  on  the  eighth 
abdominal  segment  are  out  of  the  water.    The  head  rotates  on'^the 
neck  so  that  the  larva  can  turn  it  round  with  the  greatest  of  ease,  and  it 
habitually  feeds  with  the  under  surface  of  the  head  towards  the  'surface 
of  the  water.    The  long  fringes  of  the  mouth,  "  the  feeding  brushes," 
are  constantly  vibrating  and  causing  inward  currents    towards  the 
mouth,  so  that  all  particles  in  the  neighbourhood  are  drawn  towards 
the  mouth  at  a  rapid  rate— spores  of  algie,  confervoa,  and  tiny  particles 
of  all  kinds  are  thus  taken  into  the  digestive  tact,  and  under  a  low 
power  lens  may  be  seen  in  the  living  larv®  passing  though  the  head  into 
the  thorax. 
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The  speoific  gravity  is  nearly  equal  to  that  of  water — the  tension 
of  the  surface  film  affords  all  the  support  it  requires  to  enable  it  to 
float. 

The  general  structure  of  anopheline  larva?  is  peculiar  and  at  once 
distinguishes  them  from  other  sub-families.  The  head  is  small,  there 
is  no  projecting  respiratory  tube  or  syphon,  the  body  is  provided  with 
long  lateral  branching  hairs  and  upon  the  dorsal  surface  of  a  varying 
number  of  abdominal  segments,  there  is  a  pair  of  palmate  hairs,  each 
with  a  stalk  and  a  conical  bundle  of  fine  hairs,  the  whole  forming  a 
little  fan-shaped  structure.  It  is  by  means  of  these  palmatic  hairs, 
which  cling  to  the  surface  film,  that  the  larva  retains  its  horizontal 
position  just  under  the  surface.  The  numbers  of  pairs  of  palmate 
hairs  and  the  segments  on  which  they  are  placed  are  important  in 
distinguishing  the  species  to  which  they  belong.  The  characters  of 
the  individual  leaflets  and  their  terminal  filaments  are  also  of  specific 
importance.  The  ninth  abdominal  segment  bears  below  a  fan-shaped 
arrangement  of  long  hairs. 

The  neck  of  anopheline  larva  is  very  slender  and  the  head  can  be 
turned  upon  the  body.  This  is  because  the  larva  finds  its  food  on  the 
surface,  and  gathers  it  by  the  constant  motion  of  little  broom-like 
processes  projecting  from  the  sides  of  the  mouth,  and  furnished  for  this 
purpose.  The  breathing  tubes  project  slightly  from  the  upper  surface  of 
the  eighth  abdominal  segment.  To  get  its  mouth  to  the  surface,  while 
maintaining  its  position  for  breathing,  requires  that  the  head  should  be 
turned  half  round  on  the  body,  which  position  is  impossible  to  larv£e  of 
other  sub-families  of  mosquitoes.  The  larva  becomes  a  pupa  in  about  10 
to  )  2  days.  In  from  two  to  four  days  or  more  the  pupa  becomes  an 
imago  or  full-grown  anophehue.  All  mosquito  larvae  are  popularly  called 
"  wrigglers  "  or  "  waggle-tails."  As  there  are  few  larvae  or  pupae  that 
can  stand  frost  it  is  probable  that  in  the  extreme  cold  of  Northern  India 
the  species  are  maintained  through  fecundated  hibernating  adults. 

A  word-description  of  the  various  anopheline  larva;  that  may  be  met 
with  in  India  would  serve  no  useful  purpose  to  those  unfamiliar  with 
the  characters  of  such  larvae ;  a  few  days '  practical  experience  in  collecting 
and  examination  of  larva  overcome  the  initial  difficulties.  They  have 
certain  naked  eye  characters  which  in  a  general  way  tell  us  what 
they  are  likely  to  be,  but  for  identification  the  microscope  is  necessary. 
They  should  be  first  examined  with  a  f  objective  and,  if  necessary, 
subsequently  with  a  lens. 

The  more  important  characters  of  the  larv£e  of  the  four  malaria- 
bearing  anophelines  are  as  follows  :  — 

Myi^.  caliM fades  larva.— 'ihe  median  and  frontal  hairs  are 
simple  and  unbranched  ;  pairs  of  palmate  hairs  on  the  thorax  and  from 
the  first  to  the  seventh  abdominal  segment  inclusive,  the  terminal  fila- 
ment of  each  is  long  and  thin  ;  the  head  pattern  is  not  very  charaotenstic. 
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MffiH.  listoni  lawn. — The  frontal  hairs  are  simple  and  un- 
branohed;  palmate  hairs  on  all  the  abdominal  segments  from  the  first  to 
the  seventh,  and  a  well-developed  pair  on  the  thorax,  the  terminal 
filament  in  each  being  moderately  long ;  the  head  pattern  may  be  quite 
characteristic. 

Ni/s.  f  iiliginosiis  larva. — The  median  frontal  hairs  are  slightly 
branched ;  branching  of  the  external  frontal  hairs  is  well  marked  ;  the 
antennte  are  devoid  of  brandling  hairs  ;  the  palmate  hairs  extend  from 
the  first  to  the  seventh  abdominal  segment,  and  there  is  no  pair  of 
palmate  hair  on  the  thorax  ;  the  terminal  filament  of  the  leaflets  is  long 
and  attenuated. 

stephensi  larva — Both  frontal  liairs  are  slightly 
branched  ;  palmate  hairs  are  found  from  the  second  to  the  seventh  abdomi- 
nal segments;  an  undeveloped  pair  of  palmate  hairs  is  very  occasionally 
found  on  the  first  abdominal  segment  and  thorax  ;  the  filaments  of  the 
leaflets  are  comparatively  short  and  blunt ;  the  antennee  possess  a  single 
small  unbranched  hair  ;  the  head  pattern  is  not  characteristic. 

^2/''-  jeyporiensis  is  also  probably  a  malaria-carrier. 

Pifr-  jeyporiensis  larva— The  median  and  external  frontal 
hairs  show  short  but  well  marked  lateral  branches ;  palmate  hairs  are 
found  on  all  the  abdominal  segm:^nts  from  the  first  to  the  seventh  as 
well  as  a  pair  on  the  thorax  ;  the  head  pattern  may  be  fairly  distinct. 

The  most  commonly  seen  anopheline  larva  is  that  of  Pseuclomyz. 
rosn,  in  which  both  the  median  and  external  frontal  hairs  are  simple 
and  unbranched  ;  palmate  hairs  are  found  on  from  the  second  to  the 
seventh  abdominal  segments  and  rarely  on  the  first  abdominal  segment 
and  then  only  poorly  developed;  the  terminal  filament  of  each  leaflet  is 
very  long  and  attenuated  and  the  head  pattern  is  often  characteristic. 

The  head  patterns  ordinarily  depicted  are  those  generally  met  wit^, 

TheS.rr  ""'Z  T""  ^"""^  '""""^        ^^"^d  on  for  identification 
The  frontal  hairs  and  antennae  are  the  most  reliable  structures  to  depend 
on.    The  palmate  hairs  also  vary  a  little ;  e.g.,  both  Ps.  rossi  and 
stephensi  larva  may  have  well  developed  palmate  hairs  on  the  first 

thorax"  Thr^T"''  ''-^  oc-sionali;  rudimentary  ones  in  i^^ 

thorax  The  colour  of  larvae  is  of  no  use  for  identification  .it  depends  on 
the  nature  of  the  food  consumed.  One  has  seen  P..  ros.Uarva  of  a 
vermilion  red,  dark  green,  and  light  yellow  -  the  head  always  being  black 

nnf  n^r"""  examined  under  a  low  power  on  a  slide  with  or  with- 

out a  c^ver  glass ;  a  cover  glass  keeps  them  from  wriggling  about  The 
cl  v^Lto'1"'1  ^^^^.^-h  attention  should  be  direoted^are-tre  antenni 
clypeal  or  frontal  hairs,  leaflets  of  the  palmate  hairs  and  their  terminal 

otspeTific  Z^:^"''''''  -^-^-y  P^^-te  hairs.    TheseTe^ "all 

abouW8  &^\T:'^''!,  '^^"^  '^^va  and  imago  lasts 

about  48  hours.    When  the  larva  has  cast  its  larval  coat  the  nymph  is 
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light  in  colour  and  difficult  to  see.  Later  it  becomes  darker,  and  towards 
the  end  and  immediately  prior  to  emergence  of  the  imago,  silvery  prUclie8 
due  to  collections  of  air  are  seen  beneath  the  cuticle. 

The  cycle  of  development  from  egg  to  imago  in  Ps.  rossi  and  Jlf, 
cttiici/acies  is  M  days,  and  in  most  other  Indian  anophelines  probably 


about  the  same. 


Thev  are  found  chieHy  in  terrestrial  waters,  especially  where  there 
are  water  weeds  or  grass.    The  margins  of  rivers,  lakes,  pools,  ponds 
where  ^^-eeds  and  ginss  are  found,  form  favourite  spots     Phey  have  a 
Tpecial  penchant  for  small  weakly  flowing  streamlets  where  there  is  an 
absence  of  their  natural  enemies,  such  as  minnows,  etc.  Runnels  of  watei, 
watelcour^^    blocked  with  vegetation,  pools,  little  collections  of  rain-water 
Jn  g  ass,  borrow-pits  parallel  with  both  sides  of  railway  -adways 
and  canal  embankments,  pits  used  for  watering  gardens,  artificially  made 
collect?^^^^        water  for  adorning  private  and  public  gardens  excava- 
tTonslrock    etc.,  may  all  contain  them.  They  thus  ditfer  from  la.-v^  of 
Cukx  and  St;gomyia  which  prefer  small  collections  of  water  in  the  irn- 
mediate  neiahlmirhood  of  houses.    Anopheline  larv^  preter  marshes  or 
roUect^onrof  Iter  comparable  with  marshes.    Hence  marshes  are  com- 
monlv  a^^^^         with  malaria  from  which  arose  the  names  of  palludism, 
ZarlhZZ     Anophelines  are  in  some  places  known  as  .narsh  mos- 
quitoes. 

When  water  contains  weeds  it  is  difficult  to  recognise  the  different 
Uinds  of  larva  by  the  naked  eye.  In  all  such  cases  a  ^  ^.pper  as  esse^^^ 
tially  necessary.  The  best  l<ind  is  an  iron  mug  lined  with  white  enamel 
and  having  a  handle. 

Water  weeds  form  favourite  cover  under  which  anophelines  hide 
fromldr  rtmal  enemies.    Hence  pools  and  ^^^^  ^1^^^^^^^^^^^^ 
weeds,  which  to  the  naked  eye  show  no  larvae,  are  often  stocked  full 

them. 

Species  that  carry  malaria^It  is  popularly  thoug^^ 
phelile  are  malaria-carriers.         have  no  proof  hat  thi^^^^^^^^ 
have  proof  that  some  of  them  are  not  carriers.    Up  ^^^he  present  oi 
97  snecies  known  in  India,  only  four  species  are  known  to  be  natural 
LarTa  carrie  s  in  India -Myzom^a  listom  ( Liston Nyss  cuhcifactes 
y^'uesf  Zss   Zliqinoms  (Giles),  and  Nyss.  slephevsi  (Liston)-and 
(biles),  J\yss.  r'^'^'^y''.'  'r.^l^^     .         breedincr  grounds  in  araalaria 
Vipnpe  inouiries  regarding  these  ana  tneii  uieeuiu^  „af,iral 

cf  O  A.  BenUe;  Health  Officer,  Bombay,  l«=di».ected.evev„  ,u  d,  d 
,neoiBens  oaught  in  various  parts  of  Bombay  ='"<=^  •'""^'f  ^X„t  and 
that  l"       cent,  of  those  dissected  showed  .ygoles  m  the  m.dgut, 
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about  5  per  cent.,  in  the  salivary  glands.  Dp.  Bentley  states  that  Nys. 
stephensi  is  the  most  important  carrier  of  malaria  in  Bombay.* 

It  is  generally  stated  that  one  infected  anopheline  may,  during  its 
comparatively  short  lifetime,  infect  several  persons  and  thus  disseminate 
malaria.  The  records  of  recent  expermients  tend  to  show  that  there  is  a 
limit  to  their  infectivity  in  captivity  ;  but  at  the  present  time  it  is  not 
possible  to  state  how  many  persons  may  be  infected  naturally  by  one 
mosquito  in  nature.  One  has  certainly  found  young  zygotes  in  the 
stomach  wall  at  the  same  time  that  sporozoites  were  in  the  salivary 
glands,  showing  that  there  probably  had  been  more  than  one  infection 
of  the  insect.  This  is  not  necessarily  the  case,  however,  as  it  has  been 
shown  that  when  malaria-carrying  anophelines  bred  out  and  infected  by 
a  single  feed  on  malarial  blood,  it  has  been  found  that  the  stages  of  the 
development  of  the  zygotes  in  the  stomach  walls  differ. 

Malarial  infection  cannot  of  course  arise  from  the  bite  of  anophe- 
lines unless  the  latter  have  fully  developed  sporozoites  in  their  salivary 
glands.  The  anophelines  must  themselves  have  been  infected  from  men 
with  some  form  of  malarial  fever  at  least  a  week  before,  and  the 
atmospheric  temperature  and  other  conditions  must  be  suitable. 
Further  the  sexual  forms  in  the  human  blood  must  be  fully  developed  at 
the  time  of  the  bite  and  ready  for  conjugation  to  infect  anophelines. 

Flight  of  anophelines. — The  flight  of  anophelines— the  most 
delicate  of  the  Gidicidce — is  limited.  This  flight  is  said  to  be  generally 
limited  to  half  a  mile.  This  being  so,  the  extermination  of  all  breeding 
places  within  an  area  of  half  a  mile  radius  should  eliminate  malaria. 
Immigration  of  mosquitoes  from  other  areas  into  cantonments  and  places 
where  anti-malarial  operations  continue  has  been  urged  against  such 
measures  There  is  evidence  to  show  that  such  importation  in 
endemic  malarial  areas  is  constantly  in  progress,  but  under  normal 
circumstances  immigration  and  emigration  balance  one  another,  so  that 
this  factor  alone  should  not  affect  the  question  of  anti-mosquito  measures. 
In  a  recent  investigation  of  the  malaria  in  a  large  district  one  found  both 
winged  anophelines  and  their  larvae  in  every  plains  station  within  half 
a  mile  of  cantonments,  in  most  stations  in  the  heart  of  the  cantonments 
themselves. 

It  may  be  stated  that  up  to  the  present  time  the  distance  anophelines 
can  fly  is  a  question  that  has  not  been  definitely  settled.  The  probability 
is  that  they  seldom  fly  over  half  a  mile,  and  they  cannot  fly  even  this 
distance  if  there  are  any  barriers  to  penetrate,  such  as  trees,  jungle,  etc. 
It  is  a  mistake  to  cut  down  trees  indiscriminately  in  the' belief  that 
they  harbour  mosquitoes.  This  may  give  anophelines  an  inlet  from 
infected  bazar  or  village  huts,  or  from  breeding  grounds.  On  the  other 
hand  long  grass,  jungle  and  brushwood  may  foster  anophelines  by  giving 
them  rest  and  shelter  between  tlieir  breeding  places  and  human  habita- 
tions. 


»  1  am  indebted  to  Dr.  U.  A.  Bentley,  Healtli  Officer,  Bombay,  for  this  iuformati 


•78 


Breeding  ^ldi.ceB  of  A  nopJielinw.— It  is  found  that  one  kind 
of  anopheline  will  from  many  diiferent  kinds  of  collections  of  water 
choose  a  muddy  and  shallow  collection,  others  will  select  streams  or 
irrio-ation  channels,  others  rice-fields,  aud  otiiers  again  will  breed  in  deej) 
clear  ponds  or  lakes. 

Species  breeding  in  open  ivater  luith  much  aquatic  vegetation  at 
some  distance  from  houses,  such  as  deep  ponds,  swamps,  marshes,  and 
deep  pools  under  trees  or  in  a  wood  : — 

A.  harbirosiris. 
A.  nigerrimus. 

My  personal  experience  is  that  larvae  of  both  these  two  species  are 
amono-st  the  commonest  larv0P,  in  cantonments  and  m  village  ponds. 
They'' are  most  frequently  found  together  and  may  occur  in  any  natural 
collection  of  water.  Specimens  of  the  winged  form  ot  both  were  found 
in  huts  on  two  occasions  recently. 

Adults  of  these  are  rarely  found  in  houses ;  they  are  essentially  wild 
mosquitoes. 

Stream  breeding  species—The  larvce  of  these  species  are  most 
freauently  found  in  running  streams.  Tbey  include  Myz.  listom,  Myz. 
ctdicifaGies,Pyr.jeyporiensis,  and  Nys.  maculatus  Irrigation  water- 
courses form  the  chief  breeding  places  in  the  Punjab  for  one  of  the 
members  of  this  group  (Myz.  culieifacies).  Where  such  breeding  places 
are  common  the  adult  insects  of  this  group  are  abundant  in  houses. 

"Pool  breeding  species.— The  most  important  of  this  group  is 
Ps  rossi  which  is  almost  always  found  breeding  in  shallow  muddy 
nools  in  the  vicinity  of  houses.  As  would  be  expected  from  the  nature 
of  its  breediuo-  ground,  this  species  is  most  widely  distributed  in  India, 
and  after  the  ?ains  may  be  found  in  enormous  numbers  m  houses.  It  is 
essentially  a  'domestic  '  species."*  When  ordinary  breeding  jDlaces  are 
absent  anophelines  may  breed  in  any  collection  of  available  water,  hence 
in  an  inquiries  regarding  malaria  every  collection  ol  water  should  be 
carefully  examined.  Anophelines  are,  however,  naturally  select  ve  in 
the  collections  of  water  they  deposit  their  eggs  m.  The  state  of 
IreedTng  grounds  is  of  course  largely  influenced  ^y.  the  rainy  season^ 

Wherev'er'in  India  suitable  breeding  f-^^f,.--;"  ^^J^^^^^^^.t, 
vear  if  the  average  temperature  is  not  below  18  C.  (46  i  ),  raosquiloes 
Suue  to  breed:  and  there  is  in  such  places  neither  hibernation  nur 
aestivation. 

\nonhelinelarva3  have  never  been  found  by  me  in  large  irrigation 
canals  and  tl  eir  branches  when  these  were  in  pucca  conduits  Iree  from 
arass  and  weM   they  were,  however,  always  found  in  katcha  irrigation 

»  j^jajor  S.  P.  James,'  I.M.S.,  MalaH^Fevers,  pp.  43-44. 


The  absence  of  larvas  from  pucca  canals  is  explained  by  the  periodical 
shutting  oflF  of  the  water  or  by  the  rapid  (low  in  a  cliannel  usually  devoid 
of  grass  and  vegetation. 

Anopheline  larvae  are  specially  found  under  cover  of  grass  and 
weeds  and  are  not  often  seen  in  the  open,  except  in  stagnant  waters. 
There  are,  in  one's  personal  experience,  three  exceptions  to  this — Ps.  russi 
may  be  found  in  deep  dirty  pools  in  which  buffaloes  wallow,  and  in 
which  there  is  an  entire  absence  of  grass  or  any  other  cover,  and 
Myz.  barbirostris  and  Myz.  negirrimus  may  very  rarely  be  found  in 
small  and  medium  sized  clear  pools  without  grass  or  weeds. 

The  smaller  and  moderate  sized  collections  of  water  are  more 
favoured  by  anophelines  for  oviposition  than  the  larger.  Recently  one 
found  that  a  comparatively  shallow  pool  connected  with  a  hydrant  in  the 
Native  Infantry  Lines  at  Agra  swarmed  with  Myz.  culicifacies  and 
Ps.  rosui  larvae.  The  greatest  masses  of  malaria-bearing  larva3  have 
always  been  found  in  some  moderate  sized  pools.  It  may  be  here 
remarked  that  of  two  similar  tanks  fairly  adjacent  to  one  another,  for 
some  unknown  reason,  one  will  contain  many  anopheline  larvae  and  the 
other  none. 

Sometimes  a  large  tank  may  be  searched  around  its  whole  circum- 
ference without  finding  a  single  anopheline  larva,  and  then  one  reaches 
a  small  shallow  branch  of  it  or  a  small  channel  draining  into  it,  which 
may  contain  myriads.  The  drying  shallow  parts  are  specially  favoured 
by  them.  A  very  light  wind,  even  one  just  sufficient  to  cause  a  barely 
visible  npple  on  the  surface  of  the  water,  will  often  cause  anopheline 
larva  to  drift  to  leeward.  Time  will  often  be  saved  by  at  once  inspecting 
the  leeward  side  of  large  collections  of  water. 

One  finds  that  whilst  anopheline  larva?  are  often  absent  from  deep 
collections  of  water,  such  as  large  tanks  with  perpendicular  banks,  they 
are  almost  always  to  be  found  in  large  numbers  in  shallow  tanks  large 
and  small  especially  in  the  shallower  parts  of  these  tanks,  and  that  their 
tavounte  breeding  places  are  the  small  shallow  pools  around  these  tanks 
weedT  diameter,  when  these  are  provided  with  grass  and 

Capture  of  adult  anophelines.-AduIt   mosquitoes  when  at  rest 
n^^ay  be  captured  in  test  tubes  or  small  bottles  by'placing  the  mouth 
small  h'?;  ^         has  made  more  rapid  captures  by  using 

small  butterfly  catching  nets  about  8  to  12  inches  diameter,  with  ! 

handr;  \rr"  """^J'  f "        ''''  ^  8  to  27nch! 

Sent  I  cL'T"'^  /T-  '""J^^^.  ^^^"^"•^S  ''^^'^''^  -™bers  o 
ditterent  species  ot  anophelines,  or  for  dissection  for  sporozoite  rate 

emlwd  te  anophelines.    ?t  is  not  to  be 

employed  when  dealing  with  unknown  species  as  it  leads  to  much  rnb 
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A  simple  and  convenient  method  of  catching  anophelines,  espe- 
cially where  they  are  few  in  number,  is  that  of  blackening  the  interior  of 
packing  cases  provided  with  lids,  each  lid  having  a  central  hole  to  hold 
a  cork.  The  cases  are  placed  under  beds  in  huts  or  in  dark  corners  in 
the  evening,  with  the  lid  resting  on  the  ground.  In  the  early  morning 
the  lid  is  rapidly  closed  ;  the  cork  is  then  removed,  a  little  chloroform  on 
cotton  wool  or  blotting  paper  is  inserted,  the  cork  replaced,  In  a  few 
minutes  the  night's  capture  will  be  found  dead  and  may  be  removed  and 
collected,*  a  linin  g  of  some  black  cotton  stuff  is  preferable  to  simple 
blackening  the  inside  of  the  boxes. 

The  captured  anophelines  may  be  put  into  an  ordinary  entomolo- 
gical bottle.    Adult  anophelines  may  also  be  bred  out  from  larvfe. 

The  only  accessories  required  in  an  anopheline  chase  are  a  small 
butterfly  catching  net,  a  large  bottle  with  a  wide  mouth,  test  tubes  and 
cotton  wool. 

Adult  mosquitoes  may  be  rapidly  stifSed  by  tobacco  smoke  or  by  a 
few  drops  of  chloroform  in  the  bottle  or  test  tube.  If  it  is  required  to 
use  these  bottles  and  test  tubes  subsequently  for  living  mosquitoes,  they 
should  be  thoroughly  washed  out  before  use. 

Out-houses,  cow-sheds,  unoccupied  thatched  houses  with  dirty  soot- 
covered  walls,  are  special  day  resorts  for  anophelines.  Home  favour  the 
thatch  beneath  the  eaves  of  huts  and  houses  and  require  a  ladder  to 
reach  them.  Anophelines  are  rarely  seen  on  whitewashed  walls  in  the 
day  time  and  not  often  at  night.  They  may  often  be  found  in  holes  m 
walls  or  in  the  corners  of  rooms,  under  beds  and  tables,  in  cupboards  on 
dark  clothes  in  rooms  ;  they  are  fond  of  hiding  in  old  boots  (  Wellingtons 
and  polo  boots  especially),  on  saddles— leather  seems  to  attract  them. 
We  may  see  them  at  night  wandering  about  the  shady  side  of  the 
mosquito  net.  In  such  shady  places  they  are  readily  captured  as  they 
are  probably  asleep,  and  it  is  usually  easy  to  place  the  butterfly  net  or 
mouth  of  the  test  tube  quickly  and  quietly  over  them.  The  mosquito  now 
flies  into  the  body  of  the  tube  and  a  plug  of  cotton  wool  is  applied  to 
the  mouth.  These  tubes  should  have  blank  labels  pasted  on  thena 
previously;  or  the  required  particulars  can  be  written  with  a  greased 

^^"'^The  mosquitoes  when  captured  in  this  way  are  put  into  the  large 
bottle  by  placing  the  open  mouth  of  the  test  tube  into  it.  when  the 
mo  quito  mes  into  it  and  the  bottle  is  plugged  again.  In  this  way 
when  anophelines  are  abundant,  about  30  can  be  c^l^g^^t  a- 
hour.  One  has  known  as  many  as  65  caught  m  an  hour  with  tubes 
with  assistants  to  transfer  the  mosquitoes  to  the  large  bottle,  and  as 
manv  as  110  with  a  butterfly  net.  ,      ,  , 

""'as  stated  above  the  captured  mosquitoes  -^y  ^e  killed  by^^^^^^^ 
a  few  drops  of  chloroform  on  the  muslin  cap  of  the  large  bottle  then 
dislodged  on toa^heet^f^^ 

tion.  Journal  ./the  Boyal  Army  Medical  Corps,  Juue  1909.  p.  50(.  aud  11,  MAX^^I.I-V 
I^hkeOx'b  Indian  Insect  Peeta,  Pi  '.493. 
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In  breeding  cut  winged  anophelines  from  larva,  place  20  or  30  full 
grown  larvfe  or  pupfB  in  the  water  in  which  they  were  found  in  a  tumbler 
or  finger  bowl,  and  cover  it  with  a  piece  of  gauze  supported  on  a  frame- 
work of  wire.  In  a  few  days  the  adults  will  be  found  on  the  gauze.  A 
thin  slice  of  banana  may  be  put  into  the  gauze  to  feed  them.  They 
should  not  be  killed  for  a  few  days  to  allow  them  to  develop — (Giles). 

The  most  prolific  sources  for  collection  of  diflferent  species  are  pools 
and  eddies  in  river  and  stream  beds,  and  katcha  irrigation  channels, 
when  the  edges  are  covered  with  grass  or  weed. 

P^or  mounting  mosquitoes  we  require — fine  silver  pins  (No.  20), 
pin  forceps,  discs  of  white  cardboard,  medium  sized  ordinary  pins 
and  box  with  a  cork  carpet  in  the  bottom.  "  A  card  disc  should  be  taken 
and  one  of  the  No.  20  silver  pins  thrust  through  its  centres,  so  that 
about  half  of  the  pin  projects  each  side.  The  mosquito  to  be  mounted 
is  turned  over  on  its  back  and  the  part  of  the  pin  carrying  the  disc  is 
entered  into  its  thorax,  at  the  point  of  origin  of  the  legs,  and  made  to 
emerge  through  the  dorsum  of  the  thorax.  On  turning  the  disc  over 
the  mosquito  is  mounted  in  its  natural  position,  right  side  uppermost, 
and  its  legs  and  wings  can  then  be  gently  arranged  on  the  card  disc  with 
the  aid  of  the  pin.  An  ordinary  pin  is  now  thrust  through  the  edge  of 
the  card  disc  to  attach  it  to  the  cork  at  the  bottom  of  the  specimen 
box,"* 

When  collecting  mosquitoes  for  identification  they  should  not  be. 
handled.    A  needle  should  be  used  for  moving  them  about. 

In  examining  mosquitoes  for  identification  they  should  be  mounted 
in  the  way  just  described  and  then  a  general  inspection  made  with 
a  hand  lens.  They  should  subsequently  be  put  under  a  frd  inch  objec- 
tive for  detailed  observation.  The  mosquito  attached  to  its  disc  is 
removed  and  fixed  on  to  a  small  flat  piece  of  cork  on  the  stage.  The  exam- 
ination is  of  course  through  direct  light.  The  pin  can  be  fixed  to  the 
cork  at  any  angle  and  the  insect  in  this  way  moved  about  until  all  parts 
are  brought  into  view.  This  is  specially  advisable  when  the  diflferent 
forms  of  scales  have  to  be  scrutinised. 

Remarks  on  habits  of  winged  anophelines.— It  is  necessary  that 
special  observations  be  carried  on  throughout  the  year,  to  determine  the 
places  of  hibernation  of  larvae,  possible  hibernation  of  adults  extent  to 
which  iestivation  occurs,  and  the  places  on  which  anophelines  obscure 
themselves  in  the  very  hot  months  of  summer  and  during  the  cold  of 
winter.    It  is  possible  that  in  some  stations  as  Dehra  Dun  Delhi  Muttra 
Fatehgarh,  etc.,  of  the  United  Provinces,  infection  through  ano'phelines 
occurs  for  one  or  two  months  during  the  late  spring  and  early  summer,  if 
during  March  April  or  May  there  happens  to  be  a  heavy  fall  of  rain 
I  his  means  that  under  this  circumstance  there  may  be  two  malarial 
seasons  in  such  places,  one  which  is  short  between  during  late  spring  or 

•  Major  S.  I'.  .James',' I.M.S.,  Malarial  Fevers,  3rd  Ed.,  p.  27. 
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early  summer,  and  the  usual  one  during  and  after  the  rains.  It  is  possible 
also  that  in  stations  where  there  are  perennial  breeding  grounds,  the 
occurrence  of  a  heavy  shower  of  rain  during  the  period  nanied  is  not 
necessary  to  bring  about  these  late  spring  and  early  summer  infections. 
I  can  o-ive  no  evidence  but  that  of  the  statistics  before  me,  and  the 
existence  of  potential  breeding  grounds  of  anophelines  at  those  periods 
of  the  year  in  the  stations  referred  to  in  support  of  this  statement.  _  The 
subject  is  here  referred  to  as  it  is  one  of  considerable  importance  in  the 
epidemiology  of  malaria,  and  should  not  be  difficult  to  prove  or  disprove 
in  such  stations  as  those  mentioned,  where  potential  breeding  for  malaria- 
bearing  anophelines  and  cases  of  malarial  infection,  are  always  present. 

Furtlier  observation  from,  say,  the  middle  of  March  to  the  middle 
of  May  should  elicit  whether  this  is  actually  so,  and  whether  the  malaria- 
carrying  species  of  anophelines  disseminate  malaria  at  that  particular 
season.  This  could  be  ascertained  by  taking  a  sufficient  number  of 
anophelines  in  native  huts  at  that  time  and  determining  the  sporozoite 
rate. 

It  is  most  important  that  we  should  know  the  beginning  and  end 
of  the  season  during  which  anophelines  breed.  There  are  some  stations 
in  which  the  winged  malaria-carrier  cannot  be  found  after  the  iotli 
October,  others  in  which  it  may  be  found  at  the  end  of  October  and  well 
into  November,  and  in  a  large  number  of  stations  in  the  Deccan  and 
along  the  East  and  West  Coasts  of  India,  they  may  be  found  all  the 
Year  round.  In  all  stations  in  Northern  India  a  certain  number  ot 
anophelines  continue  on  the  wing  and  carry  malarial  infection  for  weeks, 
or  even  months,  after  the  breeding  season  is  over. 

One  has  repeatedly  watched  the  matutinal  exodus  of  anophelines 
from  houses,  and  on  several  occasions  anophelines  captured  at  this  time 
contained  either  sporozoites  in  the  salivary  glands  or  zygotes  in  their 
mideuts.    The  first  effort  made  appears  to  be  to  rise  to  enter  trees 
wheie  these  are  in  the  vicinity.    In  the  trees  they  are  l^^^  h.^^tnr.l 
Although  only  four  anophelines  have  so  far  been  proved  to  be  natma 
carriers  of  malaria  in  this  country,  it  would  appear  to  be  a  sound  general 
rule  to  consider  all  anophelines  met  with  as  potential  carriers  of  malaria 
until  they  are  proved  not  to  be  so.    It  is  possible  that  under  exceptiona 
circumstances  most  anophelines  may  become  ^^^--^-^^^X"  •  J^^^^^^^^ 
sr.ecies  of  anophelines  have  in  this  country  been  experimentally  infected 
J  th  human  m'alaria,  and  it  is  probable  that  we  have  not  yet  ascertained 
all  the  species  which  in  this  country  are  natural  earners     Ihe  sub 
familv  Anopheiina  is  widely  distributed   in  this  country  and  th 
dirtriLttu  in  the  main  corresponds  with  the  distribution  of  malarial 
fevers. 

Distribution  of  Anophelinw  in  India-Iu  47  stations  where 
ident?ao""aVophelines^asatte»p^^^^^     1907,  the  fo  lovnng  speo. 

framrt  in  the  numbers  of  stations  stated      Ps-  rossi,  o6 ;  My^.  MMi 
Sr^u  1  C  7  ;  Nye.  fMginosus,  6;  mgemmus 
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5 ;  Myz>  listoni,  3 ;  there  were  also  found  at  different  stations  Myz. 
maculakis,  Mr.  barhirostris ;  Nys.  theobaldi ;  Nys,  javiesi,  A.  lindaayi. 

In  the  7th  (Meerut)  Division  one  found  the  following  species  of 
anopheliues  iji  the  9  plains  stations  during  the  breeding  season  : —  Ps. 
rossi  in  every  station ;  Myz.  culici/acies  in  8  of  9  stations ;  Nys. 
fidiqinosus  in  5 ;  Nys.  stephensi  in  3  ]  Myz.  listoni  in  2  ;  Mr.  nigerri- 
mus  in  2;  Myz.  mac tUatus  in  2;  Mr.  barhlrostris,  A.  lindsayi,  Nys. 
jartiesi  and  Cel.  pulclierrima  1  in  each  station;  and  one  unidentified 
species  of  Anopheles  bred  out  of  the  Tons  river  in  Dehra  Dun. 

Of  the  7  hill  stations  in  the  7th  (Meerut)  Division  are  found  anophe- 
lines  in  only  one  station,  Almora,  in  which  there  were  a  few  Mys. 
viaculatus  and  an  unidentified  species  of  Nyssorhynchus.  In  the  same 
enquiry  larvcB  of  all  the  species  named  except  Gel.  pulcherriina,  A. 
lindsayi  were  found,  Ps.  rossi,  Myz.  culicifacies,  Mr.  nigerrimiis 
and  Mr.  barhirostris  predominating. 

We  have  much  to  learn  regarding  the  habits  of  anophelines  before 
we  can  effect  their  eradication  from  even  limited  endemic  malarial 
districts.  Observations  in  such  districts  will  have  to  be  carried  out  for 
some  years  before  we  can  solve  many  of  the  unknown  problems  of  to-  day 
that  harass  the  anti-malarial  sanitarian.  One  of  the  chief  directions  in 
which  profitable  study  and  observation  might  be  carried  on  is  in  the 
method  of  aestivation  and  hibernation  of  anophelines.  It  is  during 
these  periods  of  hiding  that  their  numbers  are  comparatively  few,  and 
were  we  to  know  where  to  attack  them  in  the  larval  and  adult  stages 
during  the  non-breeding  seasons,  we  would  certainly  materially  diminish 
the  numbers  appearing  during  the  breeding  season.  In  places  where 
that  season  continues  all  the  year  round  the  task  is  very  difiScult. 
Destruction  of  hibernating  mosquitoes  is  most  useful  because  if  not 
carried  out,  being  fecundated,  the  females  will  deposit  their  ova  as  soon 
as  the  meteorological  and  telluric  conditions  are  favourable  for  her 
doing  so.  We  can  get  some  notion  of  the  vastness  of  the  problem 
before  us  when  we  consider  the  astonishing  rapidity  with  which  mosqui- 
toes multiply— eight  mosquitoes  can  from  the  beginning  to  the  end  of 
the  breeding  season  create  a  race  equal  in  number  to  the  entire  human 
population  of  the  globe.  Facalbi  has  recently  put  on  record  that  a 
single  mother  can  in  a  period  of  four  months  give  rise  to  200  millions 
of  mosquitoes. 

Hibernation  of  anophelines  is  considered  to  be  carried  out  in  the 
adult  stage  chiefly  in  out-houses,  under  bridges,  sheltered  parts  of  old 
ruins,  on  the  under  surface  of  shelves  in  walls,  etc.  They  may  some- 
times be  seen  in  masses  on  inner  walls  of  neglected  and  empty  out- 

In  all  countries  where  mosquitoes  exist  adults  may  be  found  at  all 
seasons  of  the  year,  the  species  being  maintained  by  the  survival  of 
tecundated  females,  who  hide  and  remain  quiescent  during  the  periods 
that  are  unpropitious  to  the  growth  and  development  of  larvJE.    In  the 
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cold  season  they  hibernate  or  hide  in  secluded  and  sheltered  corn-ers 
where  they  are  not  likely  to  be  found  by  their  enemies,  often  creeping 
into  cracks  and  corners  which  appear  too  narrow  for  the  admission  of  so 
delicate  an  insect.  Those  familiar  with  their  haunts  find  living  mos- 
quitoes in  India  at  all  seasons. 

When  hibernating,  mosquitoes  are  very  sluggish,  but  except  in 
very  cold  weather,  they  can  still  fly  when  capture  is  threatened.  In 
India  such  hibernation  is  probably  confined  to  the  uortli.  It  is  doubtlul 
if  anophelines  hibernate  anywhere  south  of  Agra,  and  in  Central  India 
and  the  Deccan  they  are  in  evidence  all  the  year  round  (Giles).  Any 
warm  day  during  the  cold  weather  brings  them  out  and  n  return  of  cold 
sends  them  back.  A  few  months  ago  (I.ansdowne,  5,500  feet,  28th 
November),  while  writing  in  a  room  in  which  a  fire  was  burning  (it  was 
the  first  fire  used  this  cold  weather)  one  was  surprised  to  find  several 
Stegomyia  calojnis  buzzing  around,  as  they  had  not  been  seen  in  the 
station  'for  over  a  month.  The  external  atmospheric  temperature  was 
49°  F.,  and  the  temperature  of  the  room  at  the  time  of  the  observation 
79°  F.  The  dormant  insects  were  brought  out  from  their  hiding  places 
by  the  heat  of  the  room. 

The  sensitiveness  of  mosquitoes  to  meteorological  changes  varies, 
some  being  hardy,  others  delicate ;  thus  C.  fatigans,  Wied,  and  6. 
ivmellens,  Walk.,  are  fairly  active  in  Northern  India  throughout  the  year 
(Giles)  Extra  heat  operates  on  mosquitoes  similarly,  hence  we  find  that 
in  the  Punjab  and  the  United  Provinces  after  a  brief  reappearance  ot 
anophelines  in  spring  they  once  more  disappear  and  remain  hidden 
during  the  severe  heat  of  May  and  June.  Most  of  the  Stegomyia, 
Panapletes,  and  other  species  associated  with  the  rainy  season,  occur  tor 
several  months  only,  and  remain  hidden  during  extremes  ot  weather. 

SPECIFIC  CAUSE  OF  MALAEIA. 
THE  MALARIAL  PARASITES  OF  MAN  IN  INDIA. 

A.  Examination  of  Normal  Blood. 

Before  commencing  the  study  of  malarial  parasites  it  is  well  to  make 
oneself  thoroughly  familiar  with  the  microscopical  characters  and  appear- 
ances of  normal  blood  in  both  fresh  and  stained  specimens-the  differ- 
ent varieties  of  leucocytes,  and  the  size,  colour,  shape  and  appearances 
of  red  cells  etc     This  should  be  made  the  basis  of  hematological  know- 
Ipdfre    We  should  be  at  once  able  to  recognise  artefacts  as  such,  vacuoles, 
fissures    variations  in  crenation  and  buckling  in  red  cells,  ordinary 
dirt  and  hemaconie  or  blood  dust  ;  we  should  be  able  to  d.agnose 
the  various  forms  assumed  by  the  squashed  nuclei  of_  leucocytes,  and 
the  different  forms  and  appearances  of  ha^matoblasts  m  stained  films 
and  to  diagnosethese  latter  whether  in jdumps^i^ly,  and  be  able, 

*  GihKB,  Gnats  or  Mosquitoes,  2ad  FA. 
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without  any  hesitation  or  doubt,  to  tell  whether  a  stained  blood 
platelet  on  or  under  a  red  cell  is  a  malarial  parasite  or  not. 

After  acquiring  a  familiarity  with  the  microscopical  characters  of 
normal  blood,  it  is  well  to  begin  the  study  of  malarial  plasmodia  on 
typical  cases  that  have  not  yet  had  quinine.  The  blood  of  cases  of  malaria 
should  be  examined  as  soon  as  they  cozue  to  liospital  and  before  thev 
have  had  quinine.  Such  cases  will,  of  course,  be  seldom  met  with  in 
the  in-patients  of  ordinary  hospitals.  They  are  best  found  in  the  children 
of  bazars,  villages  and  native  quarters  generally.  If  there  is  likely  to  be 
more  than  an  hour  before  examining  the  fresh  films,  they  should  be 
ringed  with  vaseline  and  put  into  a  little  slide-holding  box,  one  into 
which  the  slides  slip  edgewise  and  are  kept  separate.  In  films  for 
staining,  several  slides  may  also  be  carried  in  a  sheet  of  note  paper  the 

eal' of  tS        """^  '°        ^^""^  ^  ^""^^^  °^  P^P^^' 

Necessity  of  cleanliness  in  blood  exa.mmg,tions.~Cleanllness    n  f 
great  importance;  li  gixe^  more  reliable   results    and  consiX./hl 
lessens  the  chances  of  erroneous  conclusions  being  drawn  in  doubtf  1 

To  clean  dirty  slides. -Rub  with  turpentine,  benzin  or  xvlol  to 
remove  any  adherent  oil  or  grease.  Wash  with  soap  and  water  rinse  Z 
clean  water,  dry  and  rub  thoroughly  with  a  clean  cloth.  FororTna  ' 
aTlean  TofS  ^'^       '''''  ^  ^^^pe 

Clean  slides  are  essential.— Dirty  slides  and  dpfpr>H,m  of-  •  • 
responsi^ble  for  much  confusion  in  malaria  blood  worf^^^^^^ 
the  mistakes  that  are  made.    For  the  coarse  work  of  HJnn-'  ,  °^ 

hands  of  an  expert,  these  defects  are  peXpsTe  s^L^^^^^^^^^^^ 
person  who  would  be  least  likely  to  work  with  diVfv^ti  V   '  5 
fectly  stain  his  films.  ^  ^''^^  to  imper- 

To  clean  patient's  fino-er —Under  nrriinnv,,  ^- 
is  necessary  in^malaria  bloo°d  work  fs  to  ^^Z  tZTff'T  '''' 
a  clean  dry  cloth.    If  the  finger  apoears  dirtv  if  «h    n  i'^  ^^^^^ 
soap  and  water,  followed  by  m  thylated  t  rit     n  -  ""''t!'^ 
blood  films  from  a  moist,  sweaty  or  dirty  finger;  ^"^^ossible  to  get 

the  X'^^'^ti^^^^^^^^^  ^f'^^-       palmer  aspect  of 

finger  just  above  the  root^of  the  nail  1^  :^"''"'^^''  back  of  the 
ear  is  more  convenient.  The  pdck  w  h/ '""^T'  the 
pretty  firmly  and  sharply    b^ut  nor  d.p  /'  ""n^^"  ^"'-^de 
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r..n.\v9c\  on  the  slides  about  half  an  inch  or  so  from  one  end 
''^X  o  le^haf  of  the  needle  i.  now  laid  on  the  droplet  and 
The  middle     ^''^  o  a  econd  until  it  has  spread  along  the  shaft  between 
^r^'fthe'  Se    5L  needle  is  now  carried  smoothly  along  the  slide  to 
\\  eic\     Toi^^ke  films  with  even,  straight  edges,  it  is  a  good 

r.°  o  keep  the  end  of  the  thumb  in  contact  with  the  edge  of  the  slide  as 
plan  to  keep  tne  enu  ^^^^^  ^^^^^^^  through  the 

the  needle  g bdes  -       ^^^^^^  ^t;^"         ^^..^  rapidly  the  blood  dries  the 

rVTtt'red  1  remain  for  staining.  The  film  should  be  thin  and 
better  the  re    ce  sj  red  cells  just  barely  or  not  qmte 

uniformly  ^F^^d-a  sii^gie  lay  j         ^^^.^^^^  the  upper 

'TKtf  of  h  S^slJruld  l":'  a  straight  line^  parallel  with  the 
and  lowei  edge  oty  ^^^^^  ^  differential  count  of  the 

LtoVles'lotld^C  be  nec'essary.    The  right  hand  end  of  the  smear 

should  be  forked  or  pointed. 

•                NTn  fixat.ive  is  required  with  Leishman,  Giemsa, 

Fixing  film  ^-No  Romanowsky  solution  is  used 

and  Ziemann  stains,  /^i^^"  In  this  country  methylated  spird 

the  best  fixative  l^f^f^f''^^^^  .ell-defined  pictures  of  the 

much  so  is  this  the  case  that  the  i^^f  '  ^^.^ic  moisture  absorbed 

I„  a  good  fresh  fiUu  ^^^XU^^X! ^'^^'^^^^^^^^ 
there  is  a  cleav  area  lu  the  mrddle  tavmg  no  srgn        g  ^^^^ 

ance,  and  looking  as  if  there         °°  f  „ther.  When  this  middle 

cells  in  a  single  layer  ^^^^  ta^ly  ton^^^^^^^^^^^  ^  ^         „f  .^d 

portion  of  the  6^     8'''"'^  ^  °  irnlasm<^di"'«  ^"i'^  "^"^^ 

Z  I'n  aTa  single  ?ayer  of  clear  circular 

"glr  discs  just  touching  and  not  overlapping. 

ou  to  it.    A  good  preparation  shows  the  Dlooa  in  i 


almost  transparent,  around  this  an  opaque  yellowish  red  ring,  and 
outside  a  decided  red  part.  If  the  blood  is  not  to  be  examined  at  once 
it  should  be  ringed  with  vaseline. 

For  microscopical  ob-iervation  a  good  immersion  lens  and  an  Abbe 
condenser  are  necessary,  although  it  is  possible  with  a  good  dry  system 
of  lenses  reaching  500  diameters  to  recognise  the  different  forms. 
Laveran  made  all  his  important  original  discoveries  with  dry  lenses 
of  comparatively  low  powers,  and  described  even  the  smallest  malarial 
parasites  with  them. 

In  fresh  films  the  light  must  be  shut  off  to  such  an  extent  tliat  the 
field  is  just  clearly  seen ;  too  little  is  better  than  too  much  light,  as  the 
early  stage  of  the  parasites  of  malaria  is  difficult  to  see  with  a  bright 
light  The  beginner  should  first  look  for  red  cells  containing  pit^ment 
granules.  These  will  probably  be  found  in  the  intermediate  or^'older 
forms.  Later  he  should  look  for  the  smaller  opaque  unpigmented  or 
slightly  pigmented  young  forms. 

With  stained  preparations,  after  preparing  and  drying  the  film  a 
drop  of  cedar  oil  is  dropped  on  to  the  stained  blood  and  the  oil  immersion 
brought  down  to  it.  It  is  unnecessary  to  use  Canada  balsam  and  a  cover- 
shp.  If  the  slide  is  required  for  further  examination  at  a  later  date 
allow  a  few  drops  of  xylol  to  fall  on  the  cedar  oil,  drain  it  off  and  dry  • 
the  xylol  removes  the  cedar  oil ;  then  put  the  labelled  slide  away  in 
the  cabinet. 

When  a  preparation  is  ready  for  examination  the  condenser  is 
racked  up,  the  immersion  lens  lowered  with  the  coarse  adjustment  and 
finally  tocussed  with  the  fine  adjustment. 

When  working  without  a  mechanical  stage,  fix  the  right  end  of  the 
shde  to  the  stage  with  the  corresponding  clip,  with  the  fine  adiustment 
focus  upwards  first,  then,  if  necessary,  downwards.  If  this  is  done  there  is 
no  risk  of  jamming  the  objective  lens  through  the  slide.  Begin  examinino- 
at  the  upper  edge  of  the  film  and  then  go  towards  the  forked  or  toncrued 
part;  it  is  along  this  line  and  the  forked  part  that  parasites  are  usSallv 
more  numerous  when  present. 

Ross'  thick  film.— Take  a  fairly  large  drop  of  blood  on  a  ^lidp 
spread  It  out  with  the  needle  to  form  a  circle  half  an  inch  in  diameter 
and  allow  it  to  dry.    One  should  be  careful  if  using  a  spirit  lamB  or 
Bansen  burner  for  this  purpose  not  to  dry  the  bloodC  ^ap  dly  Lu 
No.  I  Romauowsky  solution  (Eosin  1-20000  water)  on  the  film  several 

W  No'Tf.         ''r^'T'         "^^^      -i*^'^  distilled  or  ta^  wa  f 
lour  No.  ^  Komanowsky  solut  on  (Methylene  blue  1     innn  ,1*.  • 
pure  carbonate  of  soda)  on  the  slide  for  h^H'  ^  7IOOO  water  in 

distilled  or  tap  water,  dry  and  examine  in  th  u  u^l  wav"  ^1^:^  '  5 
tMSetr  ""^-''^^  ''''''  -  i'u^lie^rd-r; 
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The  best  time  for  finding  parasites  in  the  blood  in  malarial  fevers 
is  from  several  hours  before  the  beginning  of  the  paroxysm  to  the  time 
it  reaches  its  lieight,  and  again  when  the  temperature  has  become  normal. 
In  India  we  occasionally  meet  with  negative  findings  in  malariaUevers, 
especially  at  the  beginning  of  an  infection,  even  when  quinine  has  not 
been  (^iven.  One  has  every  now  and  then  found  parasites  absent  at  the 
first  outburst  of  fresh  infections  when  succeeding  paroxysms  revealed 
them  It  would  be  a  useful  preliminary  to  the  study  of  human  malarial 
blood  to  examine  the  bloods  of  birds  known  to  carry  avian  malarial 
parasites.  These  can  always  be  obtained -for  Hsemoproteus,  the 
snarrow,  and  for  Halteridium  the  ordinary  pigeon.  They  have  this 
Advantage  also  that  they  occur  in  the  blood  of  these  birds  throughout 


the  year. 

The  malarial  parasite  in  its  normal  state  is  endoglobular  (intra- 
corpuscular).  Hence  it  is  well  to  be  on  one's  guard  in  diagnosing  free 
ZrasUcs.  They,  of  course,  do  occur  in  the  form  of  spores  on  he  slide 
fthey  have  been  described  by  different  writers  in  both  fresh  and  stained 
films)  and  in  the  form  of  free  crescents  and  spherical  gametes,  but  then 
normal  habitat  in  the  blood  is  within  red  cells. 

As  the  parasites  are  endoglobular  it  is  necessary  that  the  red  cells 
be  snread  out  in  a  single  layer  lying  flat,  and  not  edgewise  or  m 
rouleaux  We  should  \lso  Jemember  that  red  blood  cells  are  delicate 
structures  and  require  delicate  handling. 

In  using  different  stains,  the  method  described  by  the  inventors 
of  the  sS  should  be  strictly  followed  until  sufficiently  experienced 
to  embark  on  personal  modifications  or  new  methods. 

In  cases  of  malarial  infection  a  single  five  grain  dose  of  quinine 
will   ometimes  cause  all  parasites  to  disappear  from  U.e  periphera 
r/rnnlation,  a  15  grain  dose  will  very  frequently  do  so.  -tlence^y^^, 
alwayf^^^^^^^^^^  whether  the  patient  has  taken  quinine  curatively  oi 
prophylactically  before  examining  the  blood. 

When  quinine  prophylaxis  is  practised  the  finding  ot  malarial 
1    Jwu  X  blood  in  cases  of  malarial  fever  is  rendered  more 
S  m^ilt    in  such  cases  the  relative  increase  of  large  mononuclear 
Lcocytis   wS  seems  to  be  characteristic  of  protozoal  blood  infec- 
tions) may  be  of  assistance  in  making  a  diagnosis. 

A  f     hnnr-'  demonstration  by  one  familiar  with  the  appearances  of 
,      iT^rsuorXTn  f'^^^^        ^t-i"^^  blood  will  save  much  time, 
tTa  lai Crxc  n^^^^^^  errors  in  diagnosis  in  future  cases.  Both 

fresh        stained  specimens  should  be  examined  and  compared. 

Ar-Pessories  required  for  blood  examination.-In  ordinary  blood 

tt^p  "  lorrs^aigu:  L,i.Aee,^e,..,  one  of  the  Ro.»- 
Swsky  staining  fluids. 
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I'hose  who  are  engaged  in  haematological  work  usually  carry  with 
them  a  small  case  containing  straight  surgical  needles,  slides,  and  a 
few  glass  curved  tubes  or  capsules  for  blood  for  making  sera  diagnoses. 
Such  a  case  can  be  made  out  of  a  piece  of  ordinary  chamois  leather, 
made  to  fold  like  an  ordinary  pocket  letter  case,  and  containing  a  few 
pockets  for  the  slides,  etc. 

Romanowsky  stain. — In  studying  malarial  plasmodia,  the  original 
Romanowsky  stain,  ur  one  of  its  modifications  (Leishman,  Giemsa, 
Jenner,  Wright,  Ziemann)  is  essential;  any  one  of  these  stains  the 
chromatin  of  the  nuclei  of  parasites  red,  and  the  protoplasm  blue. 

The  basis  of  all  Romanowsky  stains  is  as  follows  : — "  A  solution 
of  methylene  blue  that  has  been  acted  upon  by  carbonate  of  soda  or  other 
alkaline  reagent,  becomes  partly  converted  into  various  polychrome  deri- 
vatives, e.g.,  methylene  azure  and  methylene  violet.  These  bodies  are  in 
solution.  When  they  are  acted  upon  by  a  solution  of  eosin  there  results 
a  precipitate,  and  this  precipitated  body  (or  bodies)  possesses  the  property 
of  staining  the  nucleus  an  intense  heliotrope  red  colour  (chromatin 
stain;."*  The  staining  may  be  done  at  the  moment  of  mixing  the  methy- 
lene blue  and  eosin  solutions,  when  it  occurs  in  the  nascent  state;  or  the 
precipitate  may  be  allowed  to  form,  and  subsequently  be  dissolved  in 
a  solvent  such  as  methyl  alcohol  (as  occurs  in  Leishman  and  Giemsa 
stains),  and  finally  be  precipitated  out  of  solution  by  the  addition  of 
water  at  the  time  of  staining. 

The  Romanowsky  stain,  which  one  prefers,  is  that  recommended 
by  Stephkns  and  Christophers,!  and  can  now,  with  the  supply  of 
stHining  materials  kept  by  chemists  in  this  country,  be  prepared"  and 
always  obtained.  This  gives  such  ready,  reliable  and  accurate  results, 
whether  dealing  with  fresh  specimens  or  with  slides  that  must  be  kept 
for  some  days  before  staining,  that  one  quotes  the  formula3  for  it  here 
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The  following  materials  are  necessary  for  the  making  of  the  stain, 

Medicinal  methylene  blue,  eosin  extra  (B.A.  or  A.G.),  or  simply 
pure  eosm  for  blood  staining,  and  sodium  carbonate  (pure). 

Two  stock  solutions  are  made  : — 

Solution  A.— Methylene  hlne  ...  ...      I'O  part. 

Sodium  carbonate  ...  ...      05  part. 

Water    ...  ...  100  part's. 

This  solution  is  placed  in  a  hot  incubator  or  by  the  kitchen  fire 
or  in  the  sun,  for  two  or  three  days.    By  this  time  a  deep  purple' 

UKv^ir  ^""^  Practical  Study  of  Malaria,  3rd  EdTTT^lT^  • 
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colour  will  be  noticed  at  the  edges  of  the  liquid.  The  colour  depend 
upon  the  formation  of  a  new  red  body,  which,  combined  with  eosui, 
forms  the  active  staining  principle  of  Romanowsky.  Until  the  purple 
colour  is  developed  the  solution  is  quite  useless. 

Solution  B.-Eosin  ...  -    ,  JJ^'j-^ 

Water  ...  •••  I'^^O  parts. 

For  staining,  these  stock  solutions  are  diluted  one  in  twenty 
respectively  with  water,  i.e.,  five  parts  of  the  stock  are  maae  up  to  one 
hundred  parts  with  water. 

Tomtom—Equal  portions  (about  four  c.  c)  of  each  solution  are 
poured  into  a  porcelain  or  any  other  convenient  dish.    Mix  by  shaking 
and  after  fixing  them  in  absolute  alcohol  for  from  5  to  15  minutes,  put 
the  slides  in  immediately.      The  amount  of  stain  required  once 
measured,  may  be  marked  on  a  glass  tube  wi  h  a  piece  o  gummed 
nauer   and  is  thus  aUayii  ready.    On  rocking  the  solution  m  the  dish 
Tred 'sta^n  will  be  seen  a't  the  sides ;  this  indicates  that  the  «  - 
m-oceedinc.  well.  Leave  the  slides  in  the  stain  any  time  from  ten  minutes 
o  haTf-an4iour  or  longer.    Wash  off  the  excess  of  stain  with  water  and 
allow  them  to  drain  o"r  dry  them  with  blotting  paper,  but  do  not  dry 
them  by  heating  over  a  flame.    The  red  corpuscles  may  have  a  bluish 
tinTe     This  can  be  got  rid  of  if  desired  by  washing  in  water,  or  very 
rapidly,  in  equal  quantities  of  spirit  and  water. 

Placed  under  the  microscope,  while  still  wet,  the  bj-^^  Plat^^^^ 
c;l,nnld  aDPear  as  ruby  red  granular  masses  ;  if  they  are  Dlu  sh  the  mm 
h  uld  be^l'd  in  L  staWng  .olaUon.    ..ides  «  d-o.„unsed 

tn  anv  required  extent  by  soaking  m  water,  in  fact,  it  lett  long  ^nou 
L  sto  I  entirely  washed  out     Such  a  specimen  can    howevei,  be 
e   ii;      i"ed  a  s^co'nd  time.    Tl.e  exact  position  and  re  ation^  of  pig- 
ment^ are  best  seen  in  specimens  lightly  stained,  as  deep  Romanowsky 

staining  may  completely  obscure  pigment. 

One  knows  of  no  better  method,  except  unstained  ^P^^jj;!,! 
fresh  b"od  examined  atonce,  of  differentiating  between  male  female 

gametes  of  any  form  of  malarial  ^ver  ^^-^^^  Sirciescent 
lomanowsky  stain  made  after  the^^^^^^^^  ^^^^^ 

takes  this  stain  wel  ,  and  it  larse  masses  of  chromatin 

of  the  pigment  in  ring        jf^^^^,^,:  /^.^  tSain  of  the  cytoplasm 
in  the  centre;  whilst  J° .  ^^e  male  cre.cen  chromatin 
is  fainter,  the  pigment  is  seen       be  scattered 
grouped  in  four  or  five  or  more  masses  iiiegulaii}. 

The  various  -edifications  of  Romanc^ksy-Leis^ 
very  satisfactory  results  for  qmck  ^'^l'^;  ".^.^'^'X  use  of  th^ 

b^t'personally  ine  has  had  less  ™*  ,7^^^^^^^^^^  with 
solutioxis  named  above,  probably  because  ot  greatei  acq 
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their  pecuh'arities  under  varying  conditions.  Leishman's  stain  is 
convenient  to  carry  about  and  both  it  and  pure  methyl  alcohol  are  now 
procurable  at  all  large  chemists  in  this  country. 

Leishman's  stain. — This  is  the  precipitate  got  from  the  action  of  a 
watery  solution  of  eosiu  on  a  watery  solution  of  methylene  blue  yrevi- 
oiosly  treated  with  an  alkaline  such  as  carbonate  of  soda.  The  formjition 
of  azure  bodies  is  much  more  rapid  in  alkaline  methylene  blue  than  in 
the  ordinary  Jenner  stain.  Tlie  precipitate  is  washed  and  dissolved  in 
methyl  alcohol.  Ii>  making  the  stain  we  employ  methyl  alcohol  10, 
Leishman's  stain  in  '  soloids  '  0  015  gramme. 

Staining  is  efifected  by  throwing  the  neutral  body  out  of  solution 
by  distilled  water.  The  stock  solution  of  this  does  not  keep  well  in 
India. 

B — Malarial  Parasites. 

Malarial  fevers  are  caused  by  forms  of  protozoal  organisms  which 
invade  the  red  cells,  and  gain  access  to  these  cells  through  certain 
species  of  anoplielines  who  have  bitten  persons  already  infected  by 
those  organisms.  In  ordinary  circumstances  these  parasites  are  unable 
to  leave  the  blood  of  man. 

Evidence  regarding-  the  specific  nature  of  malarial  parasites.— 

The  mam  reasons  for  the  belief  that  these  parasites  are  the  cause  of 
malarial  fevers  are  summarised  by  Sir  Patrick  Manson  as  follows  :— 

1.  The  occurrence  of  the  parasites  in  the  blood  is  practically  always, 
sooner  or  later,  associated  with  the  clinical  phenomena  of  malarial 
infection. 

2.  Malarial  fever  throughout,  or  at  one  time  or  another  durinw  its 
course,  is  invariably  associated  with  the  presence  of  one  or  other  of 
these  parasites  in  the  blood. 

3.  The  phases  of  a  malarial  fever  bear  a  definite  relation  to  the 
phases  of  the  life-cycle  of  the  particular  parasites  present  in  the  blood. 

4.  That  absolutely  characteristic  feature  of  malarial  disease- 
malarial  pigmentation  of  viscera— is  fully  accounted  for  by  the  pi^ment- 
forramg  property  of  the  parasites.  ° 

5.  Intravenous  or  sub-cutaneous  injection  of  blood  from  a  case  of 
malarial  infection -that  is,  of  blood  containing  the  parasites— is 
generally,  after  an  incubation  period  of  eiglit  to  twelve  days,  followed 
by  an  attack  of  malarial  fever,  and  by  the  appearance  in  the  blood  of 
the  persons  injected  of  the  same  species  of  malaria  parasite. 

'^y.aflministration  of  quinine,  which  brings  about  the  cessation 
ot  the  clinical  symptoms  of  acute  malarial  infection,  rapidly  causes 
most  phases  of  the  parasite  to  disappear  from  the  blood 
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7.  If,  after  they  have  imbibed  malarial  blood,  certain  species  of 
mosquitoes  be  dissected  at  serial  intervals,  the  evolution  of  the  malaria 
parasite  can  be  followed  in  their  tissues  until,  finally,  the  germs  of  the 
parasite  can  be  tracked  into  the  cells  and  secretion  of  salivary  glands 
of  the  insect. 

8.  If  after  a  week,  or  thereabouts,  a  similarly-fed  mosquito  bite  a 
hitherto  uninfected  man,  in  many  instances,  after  a  few  days,  that 
man  will  exhibit  the  clinical  phenomena  of  malarial  infection  and  the 
characteristic  parasite  in  his  blood. 

9.  A  non-immune,  if  effectually  protected  against  mosquito  bite, 
will  not  contract  malarial  disease  however  long  he  may  live  in  highly 
malarious  localities.* 

Classification  of  malaria  parasites.— Malarial  parasites  belong  to 
the  SUB-KiNGDOM  Pvotozo'i,  the  Phylum  Sporozoa,  class  'IVlosporidia, 
order  Hasmosporidia,  and  sub-family  Hsemamoebida,  genera  Plasmodium 
and  Laverania. 

The  Sporozoa  are  protozoa  without  mobile  organs  ;  reproduction 
is  by  sporulation  ;  they  are  always  parasitic. 

Sporozoa  are  true  unicellular  elements  consisting  of  protoplasm, 
a  nucleus  and  nucleolus  (or  karyosome).  They  are  all  characterised 
by  being  endocellular  parasites  icytophages;.  They  have  also  an 
amojboid  phase  of  life,  during  which,  in  the  absence  of  a  cell  wall, 
they  are  animated  by  characteristic  protoplasmic  movement.  They 
multiply  by  forming  spores,  hence  the  name. 

The  Phylum  Sporozoa  is  divided  into  two  sub-classes— TeiosppricZm 
in  which  reproduction  (sporulation)  follows  when  growth  is  complete,  and 
Neosporidia  in  wiiich  sporulation  proceeds  during  the  process  of  growth. 
In  connection  with  malaria  the  Neosporidia  do  not  concern  us. 

The  Telosporidia  are  sporozoa  in  which  the  act  of  reproduction 
ends  the  individual's  life,  the  entire  protoplasm  being  used  in  forming 
spores 

The  Telosporidia  are  divided  with  three  orders  : — 

Order  1.  Gregarinida.— The  young  stages  only  are  cell  parasites, 
the  adult  organism  living  in  fluids  within  the  cavities  of  animal  hosts. 
There  are  no  human  Gregarinida^ 

Ordkr  2  Gncoidia  .Coccidiomorpha\-Intra-cellular  parasites 
mainly  in  the  epithelial  cells  of  vertebrate  and  invertebrate  hosts  ;  repro- 
duction is  anisogamous,  male  and  female  cells  concerned  in  the  process 


*  Tropical  Diseases,  3rd  Ed.,  p.  3. 
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are  microscopioally  distiuguishable.  Spores  li,ave  shells  without  polar 
bodies,  mostly  with  several  sporozoites.  Human  parasites  have  been 
traced  mainly  to  the  genus  Coccidium. 

Order  3.  HcemosporHlia. — These  are  sporozoa  of  small  size 
living  in  the  blood  corpuscles  of  vertebrates  ;  they  exhibit  amoeboid 
movements,  present  alternation  of  generations;  the.  spores  are  naked. 
The  human  parasites  belong  to  the  genera  Laverania,  Plasmodium,  and 
Piroplasma,  the  first  of  which  includes  the  malignant  tertian  parasite 
(Lavdrania  malarioe,  Gr.  and  Fel),  the  second  Plasmodium  mcdarice, 
Laveran,  the  parasite  of  quartan  fever,  and  Plasmodium  vivax,  Gr.  and 
Fel.,  the  parasite  of  benign  tertian  fever.* 

Malarial  parasites,  like  all  protozoa,  are  unicellular  animal  organ- 
isms ;  like  all  sporozoa  they  are  without  organs  of  locomotion,  they 
reproduce  by  sporulation,  and  are  parasitic. 

Amongst  the  sporozoa  simple  non-sexual  division  cannot  be 
carried  on  indefinitely ;  to  effect  this  a  sexual  cycle  must  be  intro- 
duced, and  in  the  case  of  malarial  parasites  this  cannot  be  eflfected 
whilst  the  parasite  is  still  in  the  human  body.  So  far  as  we  know  at 
present  this  can  only  be  brought  about  through  the  medium  of  certain 
species  of  anopheliues. 

In  the  human  body  the  malarial  parasite  tends  to  exhaust  its 
powers  of  multiplication,  and  if  the  patient  has  been  able  to  battle 
against  its  ravages,  he  recovers.  The  parasite  cannot  gain  access  from 
one  man's  blood  to  that  of  another  except  through  anophelines. 

Comparison  of  developmental  processes  in  malarial  parasites 
with  Coccidia  and  Protozoa  generally.— The  processes  in  the  develop- 
ment of  malarial  parasites  are  the  same  as  those  which  occur  in  coccidia 
and  the  biological  terms  employed  in  describing  these  processes  are 
Identically  ttie  same  in  each  case.  The  one  great  difference  is  that  in 
malaria  an  intermediate  host,  some  species  of  auopheline,  is  required  to 
carry  the  disease  from  man  to  man,  whereas  in  coccidia  no  such  host  is 
necessary,  as  the  encapsuled  sporozoites,  discharged  with  the  faces  are 

3n.n?f'  ^  ^"'"'^  digestion  of  the  capsule,  the 

sporozoites  find  their  way  to  the  epithelial  cells  of  the  intestinal 
mucous  membrane  or  to  the  bile  capillaries.    The  term  used  in  connec- 

IZ  ,w  ''''' development  of  malarial  parasites 
and  protozoa  are  given  in  the  following  useful  tablet :— 


*  terms  Jmmosporidia,  j^hismodia  Kud  malarial  ^Jaras/^es,  frequently  used  in 
this  book  are  employed  genericalJy  and  not  to  any  particular  species  of  malarial 

t  Daniels  and  Wilkinson,  Tropical  Medicine  and  Hygiene,  Part  I,  p.V 
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Scientific  terras. 

Description. 

Terms  commonly  used  . 
in  describing  the  deve- 
lopment of  malarial 
parasites. 

Schizogony 

Tlie  nsexunl  or  enflfignmous  cycle... 

Cycle  in  man. 

bciiizoiit 

The  parasite  ol  the  ase.vual  cycle... 

Sporocytes. 

The  young  parftsites  re.-ulting  i'rora 
iise'xual  division. 

Spores. 

Qametocyte 

The  potentially  .se.viiul  forms,  male 
nnd  femille. 

Gametocyte — crescents 
and  .spherical  gametes. 

Microgamete 

Tlie  fertilising  oleraent  or  elements, 
*'  spermatozoa  "  discharged  irom 
tlip  male  crarnetocvte 

Flagellum    or  micro- 
gamete. 

Macrogamete 

The  female  sexual  form 

Macrogamete. 

Sporogony 

The  sexual  or  exogenous  cycle 

Cycle  in  mosquito. 

Ookinet 

The  motile  fertilised  macrogamete 

Travelling  vermicule. 

f  In  pf  fit", 

The  non-motile   fertilised  macro- 
gamete, applied  whether  origin- 
ally motile  or  not. 

Zygote. 

Sporoblast 

The  primary  division  of  the  proto- 
plasm of  the  oocyst  (zygote). 

Blastophore. 

Sporozoite 

The  final  product  of  the  sexual  de- 
velopment formed  from  the  spom- 
blasts  or  blastophores. 

Zygotoblasts,  blasts,  or 
sporozoites. 

Asexual  cycle  in  man.— It  begins  as  a  sporozoite  or  an  amoebula 
which  enters  a  red  ceil,  grow's  in  it  and  produces  other  spores  asexua  ly. 
This  goes  on  indefinitely  in  the  host  and  represents  the  asexual  or 
endogenous  cycle  of  its  life-history. 

Sexual  cycle  in  the  mosquito.— In  the  sexual  or  exogenous  cycle 
some  of  the  spores  in  red  cells  do  not  sporulate  but  develop  into  male 
and  female  gametes  in  the  red  cells.  Now  a  second  host  is  needed, 
in  this  case  some  species  of  anopheline,  which  feeds  on  the  infected 
person.  The  mosquito  abstracts  male  and  female  gametes  from  the 
blood  and  lodges  them  in  the  stomach.  Tlie  zygote  is  produced  by  union 
of  male  and  female.  This  zygote  burrows  into  the  stomach  wall  of  the 
mosquito  and  grows  in  its  body  cavity,  attaining  to  ten  times  its 
previous  diameter,  and  1,000  times  ics  bulk,  producing  spores.  It  is 
now  almost  visible  to  the  naked  eye  and  packed  with  s23orozoites. 
These  sporozoites  escape  and  find  their  way  into  the  salivary  glands 
whence  they  reach  the  human  being ;  on  entering  the  blood  they 
penetrate  the  red  cells  and  begin  the  process  of  sporulation.  Ihis 
great  increase  of  reproductive  power  in  the  sporoblasts  in  the  mosquito 
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must  be  considered  as  a  secondary  adaptation  of  a  kind  common  in  all 
forms  of  parasitical  organisms,  whereby  the  chances  of  disseminating 
the  parasite  amongst  fresh  Iiosts  is  greatly  increased  by  the  vast 
number  of  sporozoites  or  germs  produced  from  each  individual. 

The  zygote  resulting  from  fertilisation  is  at  first  a  freely  moving 
gregarine  like  body,  the  vcrmicuLe  or  ookinet,  which  seeks  out  actively 
and  penetrates  the  epithelial  cells  of  the  stomach  wall. 

The  period  for  complete  sexual  development  and  reproduction  of 
sporozoites  in  the  anopheline  is  six  to  ten  days. 

Without  sexual  reproduction,  the  malarial  organism  would,  after 
asexual  multiplication  for  a  number  of  generations,  become  exhausted 
and  die  out  (see,  however,  remarks  on  Relapses,  p  1 18,  seg.).  As  far  as 
the  individual  person  is  concerned  this  is  what  actually  takes  place,  when 
properly  treated  by  quinine  ;  for  then  the  young  forms,  which  would 
eventually  have  given  rise  to  sexual  forms,  are  destroyed.  Hence 
quinine  properly  given  is  a  detiuite  disinfectant  of  the  blood  in  the 
bacteriological  sense.  There  is  experimental  evidence  to  support  the 
hypothesis  that  conjugation  of  male  and  female  gametes  involves  a 
process  of  rejuvenescence  whereby  the  cell  is  stimulated  to  renewed 
activity. 

When  the  female  anopheline  sucks  the  blood  of  a  malarial  patient 
into  her  stomach,  she  takes  in  the  parasites  with  the  blood  in  all  its 
stages  of  development — young  amoebute,  fully  developed  schizonts, 
rosettes,  and  it  may  be  gametes.  All  stages  of  the  schizogonous  cycle 
are  digested  in  the  stomach  along  with  the  blood  corpuscles.  Game- 
tocytes  when  sufficiently  mature  are,  however,  able  to  resist  the  action 
of  tlie  digestive  juices  and  continue  their  development,  for  as  soon  as 
they  are  liberated  from  the  remains  of  the  red  cell  (which  are  digested) 
in  which  tliey  grew,  they  assume  a  spherical  form  (if  they  have  not 
already  reached  this  stage)  and  give  rise  to  gametes.  The  maturation, 
full  development  and  conjugation  of  gametes  occurs  in  the  stomach 
cavity  of  the  mosquito. 

Malarial  haemosporidia  in  the  mosquito.— The  macrogamete  in 
simple  tertian  and  quartan  infection  is  spherical,  in  malignant  tertian  the 
female  is  crescentic ;  the  microi^ametocyte  in  simple  tertian  and  quar- 
tan IS  spherical,  and  in  malignant  tertian  crescentic  ;  the  microgamete 
is  the  liberated  flagellum  of  the  microgametocyte ;  the  sjwront  is  the 
result  ot  the  fertilisation  of  the  macrogamete  by  the  microgamete;  the 
oo/mie^  (vermicule)  is  the  mobile  stage  of  the  sporoiit ;  the  oocyst  is 
the  cystic  stage  of  the  sporont ;  the  sporohktsts  are  developed  within 
the  oocyst;  sporosoife.s'  are  developed  within  sporoblasts  and  hberated 
by  rupture  ot  the  oocyst,  are  introduced  into  man  by  anophelines,  and 
are  capable  of  beginning  the  human  life-cycle  by  infecting  the  red 
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C— Description  of  Malarial  Parasites. 

IVlicroscopically,  tlie  malarial  parasites,  even  the  smallest  rings, 
are  compaiaiively  gross  bodies,  and  in  properly  stained  preparations 
with  an  immersion  lens  of  j\  inch  are  always  readily  seen.  In  very 
meagre  infections,  with  only  a  few  on  a  whole  slide,  they  may  reqmre 
a  good  deal  of  looking  for,  but  with  a  mechanical  stage  and  the 
aid  of  a  finder,  if  the  film  is  looked  through  systematically,  bpginning 
at  the  left  hand  top  corner  of  the  film,  and  working  up  and  down  while 
the  stage  is  moved  to  the  left  throughout  the  smear,  even  a  very  slight 
infection  with  parasites  in  the  peripheral  blood  will  seldom  be  missed. 

Fresh  preparations.  -With  fresh  coverslip  pre^araiio7is,  when 
the  parasites  are  in  the  form  of  unpigmented  amoebulse,  there  may 
be  some  difficulty  in  finding  them,  but  in  simple  tertian  and  quartan, 
when  granules  of  pigment  begin  to  form  early,  these  are  readily  recog- 
nised whilst  gametes  are  more  readily  seen  in  fresh  than  m  stained 
films,' as  the  pigment  in  them  is  very  conspicuous,  is  often  found  in  a 
boiling "  state,  and  the  sexes  are  easily  distinguished  from  the 
arrangement  of  the  pigment  which  contrasts  with  the  colourless 
protoplasm  of  the  parasite. 

Stained  preparations. -The  staining  reactions  as  regards  the 
nucleus  and  protoplasm  are  the  same  in  all  varieties  of  malarial  parasites. 
In  the  Komauowsky  stain  the  chromatin  is  the  only  portion  of  the 
nucleus  which  takes  the  stain  and  it  stains  a  bright  red,  lying  m 
the  unstained  vesicular  nucleus.  Around  the  nucleus  in  young  forms  is 
always  a  small  amount  of  protoplasm  which  stains  a  delicate  blue,  and 
incorporated  in  the  protoplasm  is  the  scanty  pigment. 

In  all  varieties  of  the  parasite,  as  growth  proceeds,  the  chromatin 
scatters  through  the  cytoplasm  ;  when  full  grown  a  distinct  .mc^^^^^ 
is  not  visible,  and  the  protoplasm  is  now  uniformly  distiibuted. 
When  segmentation  is  about  to  occur  the  pigment  is  gathered  towards 
the  centre  of  the  parasite  and  the  chromatin  is  found  m  ^^^^^l  ^^^^P^' 
forming  a  definite  part  of  the  newly  formed  segments  At  the  time 
ofTegmentation  the  chromatin  is  collected  into  small  masses  Ipng 
in  unstained  areas  which  are  the  vesicular  parts  of  the  nuclei,  and  these 
latter  are  surrounded  by  thin  rings  of  protoplasm  which  stam  deep 
blue. 

In  the  crescents  of  sub-teo^tian  the  parasite  consists  of  a  large 
amount  of  protoplasm  and  a  packed  mass  of  chromatin  at  the  centre  or 
one  of  tl  e^  poles.  The  flageLlated  parasite  stains  the  same  as  the 
narasite  except  that  a  narrow  line  of  chromatin  can  be  detected  in 
Lch  flageS.  The  chromatin  is  gathered  towards  the  centre  of  he 
flagelS  before  it  is  set  free  from  the  microgametocyte,  the  rest  of  the 
flafellum  staining  uniformally  light  blue,  the  chromatin  being  a  bright 
red. 
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All  varieties  of  the  parasite  in  the  first  stage  of  invasion  of  the 
corpuscle  are  ring-shaped,  with  a  small  dot  of  chromatin  surrounded  by 
an  unstained  area,  the  nucleus,  and  this  again  surrounded  by  a  small 
amount  of  blue  protoplasm. 

Fresh  preparations  are  very  useful  in  studying  the  life-cycle  of 
malarial  htemosporidia,  but  the  exact  morphological  relations  can  only 
be  demonstrated  by  staining  reactions. 

Stained  preparations  are  most  convenient,  especially  when  films 
cannot  be  examined  at  once.  On  the  dried  film  the  name  of  the  person 
and  date  is  written  with  the  needle  or  grease  pencil.  They  may 
then  be  stained  and  examined  at  once,  or  kept  for  months  and  then 
stained. 

Flagellation. — When  flagellation  is  about  to  take  place  the  whole 
microgametocyte  vibrates  and  oscillates.  The  vigour  with  which  the 
flagella  move  is  often  seen  to  be  sufficient  to  cause  deep  indentations  in 
the  red  cells  which,  however,  are  only  momentary,  as  the  elasticity  of 
the  red  cells  enables  them  to  recover  their  normal  shape  at  once.  The 
movements  of  the  flagella  continues  as  a  rule  for  from  20  to  30  minutes; 
but  may  occasionally  be  seen  after  even  two  hours.  In  their  most  active 
condition  the  individual  flagella  cannot  be  recognised,  as  their  move-^ 
ments  are  quicker  than  the  eye  can  follow  ;  as  the  movements  become 
weaker  they  are  seen  distinctly  ;  tliey  then  become  more  intermittent 
and  eventually  cease.  At  this  stage  the  flagella  that  have  not  broken 
away  are  seen  to  be  attached  to  the  body-protoplasm  of  the  micro- 
gametocyte. The  flagella  are  from  two  to  four  times  the  diameter  of 
a  red  cell  in  length.  The  movements  of  detached  flagella  are  very 
similar  to  those  of  an  eel  in  water  or  a  snake  along  the  ground  ;  they  are 
usually  of  a  lashing  character,  and  in  fresh  films  are  seen  to  agitate  the 
red  cells  violently.  They  are  difficult  to  follow  in  their  wanderings 
amongst  the  red  cells. 

Points  to  observe  in  malarial  blood  films.— The  dififerent  points 
to  inquire  into  in  a  blood  examination  of  the  plasmodia  of  malaria 
are:— I  he  stages  of  the  parasite  met  with  in  the  peripheral  blood  • 
character  of  amoeboid  movement  in  the  plasmodia  ;  effects  of  the  parasite 
on  the  erythrocytes  ;  dimensions  of  the  parasites,  number  of  merozoites 
character  of  the  sexual  forms,  and  character  of  the  pigment.  ' 

Endoglobular  cycle.— This  is  similar  in  all  essentials  in  the  three 
species  of  malarial  parasites,  each,  however,  having  its  own  characteristics. 

infection  3?'^  \'  '''']^  ^^tudiedin  the  benign  tertian  forms  of  malarial 
an  ectionasthe  plasmodiaarein.the  peripheral  circulation  ;  the  same 

Deiod^°In  Tl''  T-''°i'  ^"'.'^^  '^''^  «P-^d  longer 
rsmfllHl?-    .1  ^"stfned  specimen  of  the  quartan  parasite  there  is 

mSnanf  te'h     ''f '  "^^'^  ""^^^^^  ^f^en  visible.  In 

mahgnant  tertian  schizogony  cannot  be  studied  as  it  goes  on  in  the 
internal  organs.     In  it  multiplication  of  the  nucleus  of  the  schizont 
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commences  by  a  primitive  form  of  mictosis,  but  as  nuclei  mcreasft  m 
number,  the  method  of  development  is  that  of  a  type  of  multiple  nuclear 
fission  (SCHAUDINN).  Very  occasionally  a  fully  developed  schizont  is 
seen  in  peripheral  blood. 

Amoeboid  movement  of  parasites.— In  simple  tertian  the  amcehoid 
movement  is  most  active  and  continues  longest ;  the  amoebulae  are  very 
active  and  vigorous  {hence  the  mme,  vivax,  lively);  they  spread  out 
Dseudopodia  in  all  directions  continuously.  In  quartan  parasite  the 
amoeboid  movement  is  sluggish  but  quite  visible-  In  srih-ierUan 
the  movements  are  very  lively  in  the  youngest  unpigmentf-d  stage.  In 
all  forms  the  movement  slows  down  as  the  intracorpuscular  parasite 
is  acquiring  its  full  size. 

la  all  varieties  of  parasites  the  young  forms  {am cMcb)  are  so 
Dernetuallv  changing  their  shape  that  it  is  difficult  to  give  any  descnp- 
C  of  them  ;  thfy  are  seen  to  alter  their  form  constantly  under  the  eye. 
It  is  only  after  they  have  been  acted  on  by  exposure  to  external  influences, 
which  bring  about  their  death,  that  they  have  a  constant  shape,  and  this 
is  usually  a  ring  form,  or  occasionally,  a  disc  shape. 

<' Crescents  possess  no  amoeboid  motion,  yet  show  the  power  of 
gradually  changing  their  shape."-(IVI  annabekg). 

Multiple  infection  of  red  cells.-  It  frequently  happens  in  severe 
■  wfons  e«DSly  of  malignant  tertians,  that  two  or  even  three  or 
infections,  e.pecia  y  g  Mannabekg  has  found  as 

niore  parasites  o  cupy  a  -n   e^^  tertian  infection 

many  as  ^^^^^^^  Kifies  one  recently  saw  five  "rings" 

^"''frTcell     'I  he>^^^^^^^^  me  by  Captain  B.  E.  M 

^^^^  ^^rir-^^  :^cSe]t 

malienant  tertian  fever.  ,  .      .,  i 

malign                                „ua^  ton  the  red  cell  retains  its  normal 

.  Effect  on  red  ce  s.--In  9^^^^^  .^^^  ^^^^^^^    In  simy.Ze 

size,  some  being  smaller  ;    ts  '^I'^lJ  m  size;  they  also 

tertmn  the  infected  red  cells  mciea^e  .^^  ^^^^^  ^^Hs 

become  paler.  The  effect  o  -^^^^^^^^^^^^  .^ey  are  unaffected 
Ts^igMyincrrs^dS^  they  are  irregular  or  crenated,  and  the 
colour  may  be  heightened  or  — ^^^^^ 

Size  of  the  parasites.-In  the  ditier     p  ^.^^^^er,  the  first 

The  ordinary  dimensions  of  a  ff  ^i™"  .rdl'to's'.Los 
microns  (sometimes  however  reaching  lo  micions)  ana  ^ 
broad  about  the  middle. 
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Characters  of  the  pigment. — The  pigment  of  malarial  parasites 
may  occur  in  very  fine  dust-like  particles,  or  as  large  granules,  thin  lines, 
fine  needles,  grains  or  in  clumps.    Tlie  largest  needles  or  lines  of  pig- 
ment are  not  more  than  1  micron  in  length.    "VMien  they  run  together 
the  pigment  granules  and  lines  form  clumps.    When  in  larger  masses 
the  pigment  is  browuisli  black  ;  when  in  fine  lines,  needles  or  granules,  it 
is  reddish  brown.    The  parasite  lives  in  and  devours  the  red  cell.  It 
metabolises  pigment  from  it.    The  excreta  of  the  parasite  remain  in  the 
cell  until  the  cell  bursts,  when  haemozoin*  is  discharged  into  the  blood. 
The  pigment  appears  early  in  iutra-cellular  life,  and  when  present,  ren- 
ders it  easy  to  see  the  parasite  in  fresh  blood.    The  size  of  the  granules 
of  pigment  vary  in  the  difierent  species  of  parasite.    As  the  pigment  is 
disposed  in  the  protoplasm  of  the  parasites,  it  shares  with  them  the 
amoeboid  movement  when  the  parasites  are  still  living.    "  In  addition 
the  pigment  shows  a  second  communicated  movement  which  is  most 
marked  in  the  adult  sexual  forms  of  the  parasites.    This  consists  in  a 
more  or  less  to  and  fro  wavering  of  the  pigment  elements.     When  slight 
the  pigment  granules  move  sluggishly,  scarcely  changing  their  place, 
but  when  marked  they  whirl  back  and  forth  like  a  swarm  of  gnats." 
(Mannaberg).    This  last  is  the  so-called  "  boiling  "  or  buhUing  move- 
ment of  the  pigment. 

Malarial  pigment  is  unaflfected  by  strong  mineral  acids,  but  it  is 
cleared  by  weak  alkalis,  and  then  acquires  a  yellowish  or  reddish  brown 
colour.  Malarial  pigment  is  dissolved  by  ammonium  sulphide.  It  does 
not  give  the  blue  reaction  of  iron  with  ferrocyanide  of  iron.  It  gives  the 
same  micro-chemical  reactions  as  the  pigment  of  melanotic  sarcomas. 
It  does  not  give  the  reactions  of  htemoglobin  in  clots  of  the  brain  or  else- 
where. 

The  pigment  in  quartan  is  chocolate  coloured,  seen  as  compara- 
tively large  brown  granules  mixed  with  small  reddish  ones.  In  simple 
tertian  the  pigment  is  more  straw-coloured  faint  pale  ochre  colour  or 
greenish,  and  the  granules  very  small. 

In  the  unstained  specimen  of  the  quartan  parasite  there  is  a  small  dot 
m  centre  which  is  the  nucleus  and  is  often  visible;  it  is  not  pigment. 

fn.,n^^?^°^?'*®^-~f''^^°''^^'''^^^  ^'■^  somewhat  filamentous  in 

fn  wl'-fr^  "^T^^^        ^"^^^  ^it'^  ^thicker  central  portion 

nol.  loJged.    The  sporozoites  are  naked  gy^^^^^^^^ 

spores,  similar  to  the  eimerm  in    Coccidia.    In  the  red  cells  he 

Td'hen  '-'^  -  amoeboid  troptzo  te 

the  ditflent  I  "T""'^  ^aBmoglobin.    The  sporozoites  o 

another  ^  P''"''*^"'  ^'"^  "^'^  distinguishable  from  one 

aciuaiiy  Diack  m  human  malaria;  it  varies  from  yellow  to  browuish  black. 
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General  characters  of  malarial  fevers.  -  All  forms  of  malarial 
fever  arise  from  the  presence  in  the  blood  of  one  or  other  form  of  the 
parasites  of  malaria.  Two  or  even  three  (which  is  rare)  forms  may 
invade  the  blood  at  the  same  time.  These  fevers  are  characterised 
t)y_(l)^  periodically  recmring  paroxysms  of  intermittent  fever  ;  or  (2), 
continued  fever  with  marked  remissions;  or  (3),  a  pernicious  and  often 
fatal  form  of  fever;  or  (4),  a  chronic  cachexia  associated  with  irregular 
fever,  ausemia,  and  enlargement  of  the  spleen. 

In  India  there  are,  as  far  as  we  at  present  know,  only  three  forms 
of  the  malarial  parasites,  giving  rise  to  three  forms  of  malarial  fever 
met  with :  — 

1.  Quartan  parasite.— Qitaricfji  ague,  due  to  the  Plasmodium 
malariw,  in  which  the  attack  comes  on  every  72  hours.  In  this  form 
the  parasite  invades  the  red  blood  corpuscles,  sporulates,  and  in  doing  so 
forms  from  6  to  12  merozoites,  which  give  the  invaded  red  cell  a  daisyhke 
appearance  before  it  ruptures  to  set  the  merozoites  free  in  the  blood.  In 
the  human  blood  the  life-cycle  of  this  parasite  is  asexual  and  lasts  72 hours. 
Two  or  more  generations  of  the  parasites  may  carry  on  their  life-cycle 
in  the  blood  simultaneously,  giving  rise  to  double  or  triple  quartan  ague. 

2.  Simple  tertian  parasite.— ^impie  terticm  or  heniyn  ague, 
due  to  the  Plasmodium  vivax,  in  which  the  attack  comes  on  every  48 
hours.  In  this  the  parasite  invading  the  red  blood  cells  also  forms 
spores,  which,  when  full  developed,  are  from  12  to  24  in  number,  and, 
before  the  rupture  of  the  cell,  look  like  the  petals  of  a  rose  inside  the 
red  cell.  The  life-cycle  of  the  parasite  is  48  hours.  Two  or  more  gener- 
ations of  the  parasite  may  in  simple  tertian  also  carry  on  their  life- 
cycles  simultaneously,  giving  rise  to  double  or  triple  (rare)  tertian  ague. 
Stained  by  ROMANOWSKY  in  many  cases  the  decolorised  infected  red 
corpuscles  display  a  number  of  deep  red  granules— Shiifiner's  dots. 

The  vast  majority  of  the  cases  of  malaria  in  India  consists  of 
simple  tertian  which  is  considered  by  most  authorities  to  be  the  easiest 
forrn  of  malarial  infection  to  eradicate  from  a  locality  and  from  infected 
persons     This  does  not  correspond  altogether  with  the  experience  of 
many  experts  in  India.    Notwithstanding  statements  to  tlie  contrary, 
the  largest   number  of  relapses   occur   in  cases  of    simple  tertian 
fever— this    is    accounted    for   by  the  fact  that  this  is  the  pre- 
dominating form  of  malarial  fever  of  India.    During  the  last  ten  years 
one  has  had  opportunities  of  watching  and  following  relapses  in  localities 
where  there  is  no  initial  malaria,  and  79  per  cent,  of  these  were^simple 
tertians  over  20  per  cent,  mahgnant  tertians,  and  only  a  small  fraction 
miartans     The  generally  accepted  statement  also  that  perniciousness  is 
confined  to  malignant  tertian  is  opposed  to  one's  personal  experience  as 
we  have  seen  sSch  conditions  as  algid  paroxysms,  choleraic  attacks 
Tecondary  perni<.ious  anaemia,  cerebral  attacks,  and  eveii  hyperpyrexial 
phenomeL^,  associated  with  simple  tertian  infection,  whilst  a  lair  propor- 
tion of  case  of  repeated  simple  tertian  relapses  or  re-intections  end  in 
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malarial  cachexia.  In  discussing  the  subject  with  men  of  wide  knowledge 
of  Indian  malaria,  it  has  been  ascertained  that  one's  experience  in  this 
respect  is  not  exceptional. 

In  both  quartan  and  simple  tertian  ague,  the  gametes  (sexual  forms 
of  the  parasite}  are  spherical  in  the  human  blood. 

Malignant  tertian  parasite. — Malignavt  tertian  fever  due  to 
Laverania  vialarice,  Grassi  and  Felleti,  in  whicli  the  typical  attack  comes 
on  every  48  hours  ;  but,  as  frequently  there  are  two  (or  more)  generations  of 
the  special  parasite  undergoing  development  simultaneously  in  the  blood, 
the  attacks  often  occur  daily,  or  irregularly.  In  this  fever  the  parasite 
invading  the  red  blood  cells  forms  multiple  small  spores  in  the  red  cells 
of  internal  organs  (spleen,  brain,  red  marrow  of  bones,  etc.).  The  spores 
vary  from  10  to  20  or  more.  The  fully  developed  intracorpuscular  form 
is  not  seen  in  the  blood  removed  from  the  finger  for  examination. 
Peripheral  red  cells  contain  small  ring  forms  and  small  amoeboid  bodies, 
sometimes  in  large  numbers.  The  gametes  or  sexual  form  of  this  parasite 
are  peculiar  in  having  a  crescentic  shape,  and  hence  called  "  crescents." 
After  the  paroxysms  have  continued  from  five  days  to  a  fortnight,  these 
large  oval  and  crescentic  bodies  (malignant  tertian  gametes)  are  met 
with  in  the  peripheral  blood  ;  they  contain  collections  of  coarse  pigment 
granules,  which  make  it  easy  to  see  them  in  fresh  preparations. 

Special  characters  of  malignant  tertian  fever.— Malignant  tertian 
fever  is  specially  characterised  by  its  disposition  to  irregularity,  and  to 
the  production  of  a  remittent  or  sub-continuous  fever,  and  by  the 
frequency  with  which  symptoms  of  a  pernicious  type  develop  The. 
remittent  or  continued  type  of  the  fever  in  all  probability  is  due 
to  the  grouping  of  the  parasite  in  the  blood,  the  intracorpuscular 
segmentation  of  which  extends  over  comparatively  long  periods  of 
time,  creating  paroxysms  of  long  duration,  which,  from  their  peculiar 
tendency  to  anticipation  aud  retardation,  become  subinterant.  As  the 
normal  cycle  of  development  of  the  malignant  tertian  parasite  lasts 
48  hours  m  typical  cases,  the  intermittent  fever  to  which  it  gives  rise 
has  well  marked  characteristics. 

The  greater  part  of  the  life- cycle  of  the  malignant  tertian  parasite 
IS  passed  in  the  internal  organs  and  larger  blood  vessels,  the  youn'^er 
ring  forms  and  amcsboid  bodies  only  being  met  with  in  the  surface 
blood.  Proliferating  parasites  are,  however,  sometimes  thoucrh  rarely 
met  in  the  periplieral  blood  in  malignant  tertian  fever.  Aspiration  of 
blood  from  the  spleen  would  usually  show  an  abundance  of  mature 
forms  with  clumps  of  pigment  centrally  arranged  with  the  segmented 
parasite  around,  all  about  half  the  size  of  the  red  cell.  Such  aspiration 
should  no%  however,  be  practised,  unless  the  spleen  is  considerably 
enlarged,  and  then  only  under  the  strictest  possible  antiseptic  precautions 
Ihe  danger  is  h-oin  liEBmorrhage  into  the  peritoneal  cavity,  which  has 
occurred  more  than  once  after  this  simple  operation  with  a  hypodermic 
syringe.  ''^ 
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It  is  curious  that  just  before  the  paroxysm  the  number  of  parasites 
in  the  peripheral  blood  may  be  comparatively  few,  yet  phagocytes 
containing  blocks  of  pigment  are  usually  fairly  abundant.  This  is 
characteristic  In  cases  in  which  malignant  tertian  is  suspected,  and 
where  parasites  are  absent  in  fresh  blood,  we  should  never  omit  the 
examination  of  dried  specimens  of  the  blood  by  the  Komanowsky 
method,  in  which  the  blue  rings,  with  deeply  stained  purple  chromatin 
dots,  are  more  rapidly  "  spotted  "  than  the  delicate  hyaline  bodies  in 
fresh  blood  (Thayer). 

The  following  table  gives  the  essential  differences  between  the  three 
forms  of  malarial  parasites  met  with  in  India  :— 

Table  of  differences  between  the  Parasites  of  Malaria* 


Benign  tertian. 

Quartan. 

(I)  Length    of  cycle, 
i.e.,  interval 
betweea  one 
sporulation  and 
the  next. 

48  hours 

72  hours 

(2)  Size    of  mature 
Ijarasite. 

Larger  than  the 
average  led 
corpuscle. 

Slightly  su  aller 
than  the  aver- 
age red  cor- 
puscle. 

(3)  Number  of  "spores" 

18-24 

G-10 

(4)  Amoeboid  raovement 

Active  and  ex- 
tensive. 

Sluggish     .  ... 

^5)  Gametocytes 

Hounded  bodies 

Rouuded  bodies 

(6)  Pigment 

Finely  divided 
and  brown. 

Coarse  and  black 

f  7)  Effects  on  red  cor- 
puscles serving  as 
host. 

Causes  it  to  swell 
and  become 
paler.  Does 
not  crenate  so 
readily.  In 
stained  speci- 
mens Schiiff- 
ner's  dots 
often  foaud. 

Red  corpuscle 
b  e  c  0  m  e  s 
slightly  small- 
er and  darker. 

Sub-tertiau. 


Jncertain,  often  about 
48  hours  or  rather  less. 


^bout  lialf  the  diameter 
of  an  average  red  cor- 
puscle. 


Variable  6 — 30. 

Very  active,  but  range 
of  "movement  not  exten- 
sive. 

Sausage-shaped  bodies, 
"  crescents." 

Black  and  at  first  finely 
divided,  but  soon  aggre- 
gates into  coarse  clumps. 

The  young  parasite 
causes  little  or  no  al- 
teration but  sometimes 
the  corpuscles  become 
vellower  -  "  brassy  bo- 


yellower -"  brassy  bo- 
dies." The  older  para- 
sites  decolorise  the  red 
corpuscles  irreg 


.  From  UAiNELB  and  Wilkinson,  Tvopical  Medicine  and  Hygiene,  Part  1,  p.  5G. 
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Mixed  infections.— These  are  by  no  means  infrequent,  the  com- 
monest being  that  of  malignant  tertian  and  benign  tertian.  Of  about 
900  cases  examined  during  last  year  this  form  of  mixed  infec- 
tion was  found  in  eight.  A  remarkable  case  of  mixed  infection  is 
recorded  by  A'lajor  Donovan,  LM.S  ,  in  the  Report  of  the  General  Hos- 
pital of  Madras  for  1907.  The  patient  was  a  wandering  mendicant 
from  the  West  Coast;  he  was  admitted  for  fever,  and  all  the  species  of  ma- 
larial parasites  were  present  in  his  blood — Plasmodium  malartcc  predo- 
minated Laverania  malarice  next,  with  only  a  few  Plasmodia  vivax. 
A  single  dose  of  quinine  was  given,  the  temperature  became  normal  and 
remained  so  for  19  days,  when  a  rise  of  temperature  occurred,  associated 
with  ftrowds  of  schizonts  of  Plasmodia  vivax,  but  neither  of  the  oth  er 
two  species.  Another  dose  of  30  grains  of  quinine  was  given  and  after 
36  days  of  freedom  from  fever  a  second  relapse  occurred,  and  on  this 
occasion  only  Laverania  malarice  was  found  in  the  blood.  At  first 
sight  this  case  seems  to  favour  Laveran's  view  of  a  single  species  of 
malarial  parasite  with  three  varieties,  but  it  may  originally  have  been  a 
mixed  infection,  or  an  unaccountable  alternation  in  the  recrudescence 
of  the  latest  forms.  In  many  years  observation  in  stations  without 
initial  attacks  one  has  not  seen  any  cases  that  showed  what  might  be 
considered  an  alternation  of  malarial  parasites. 

Simultaneous  sporulation  of  parasites.— In  all  forms  of  malarial 
fever  the  liberation  of  swarms  of  spores  coincides  with  the  onset  of  the 
attackof  fever,  the  fever  being  probably  due  to  the  setting  free  at  the 
time  of  the  rupture  of  the  corpuscles,  of  a  toxin  which  possesses  heat- 
producing  (thermogenetic)  and  red  corpuscle-destroying  (hjemolvtic) 
properties.  ./    o   v  . 

Variation  in  the  number  of   leucocytes   in   malaria.— In 

malarial  fever  m  going  over  the  fields  of  a  film  one  frequently  sees 
that  there  is  evidently  an  increase  in  the  large  mononuclears  This 
can  be  verified  by  a  diflferential  count  of  the  leucocytes  This  increase 
is  specially  marked  during  the  period  following  the  paroxysms 
and  is,  as  a  rule,  absent  in  the  pyrexial  stage,  during  which  vve 
naay  have  a  leucopoenia.  If  during  a  period  of  low  temperature  this 
change  is  not  found,  there  is  a  strong  presumption  that  the  case  is  not 
malarial.  In  some  cases  the  change  can  be  detected  even  durino-  the 
pyretic  period,  but  in  these  it  is  always  more  marked  in  the  apyretic  "* 
This  change  gradually  disappears  as  convalescence  advances  This 
a  most  useful  test  in  cases  that  have  been  treated  by  quinine,'  and  one 
that  should  be  made  use  of  in  all  doubtful  cases  where  parasites  have 
possibly  been  missed  in  the  early  stage  before  quinine  was  administered 
During  the  last  six  months  one  has  made  a  series  of  observations  on  the 
effects  of  quinine  in  varying  doses  on  different  malarial  parasites  and 
ound  tha  even  four  grains  a  day  is  in  some  cases  sufficient,  to  emdica  e 
all  parasites  from  the  peripheral  circulatioji^and_tha^  two  gS 
•  Stephens  and  Chuistophers,  Practical  Study  o/-ifa/«nV3^i^I7^  
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may  considerably  reduce  their  number  and  alter  their  appearance,  so  that 
in  the  red  cells  the  young  forms  look  like  irregular  fragments  of  blue 
protoplasm  with  fine  dots  of  chromatin  scattered  through  it,  instead 
of  being  limited  to  the  nucleus. 

An  increase  beyond  15  per  cent,  of  large  mononuclears  is  considered 
by  Stephens  and  Chuistophers  to  be  proof  of  an  actual  or  recent 
malarial  infection,  "  whereas  with  a  value  of  20  per  cent,  it  is  almost 
always  possible  by  long  search  to  find  an  occasional  parasite  or  pig- 
mented leucocyte.  A  value  of  over  20  percent,  probably  implies  actual 
infection  at  the  time  of  observation." 

Cultivation  of  malarial  parasites. — Up  to  the  present  time 
malarial  parasites  have  never  been  cultivated  outside  the  human  body 
and  the  body  cavity  of  certain  species  of  anophelines.  All  efforts  at 
cultivating  them  in  vitro  have  failed.  The  malignnnt  tertian  parasite 
has,  however,  been  kept  alive  outside  the  body  for  some  days  This  has 
been  done  by  abstraction  of  malarial  blood  by  leeches,  and  the  parasites 
have  been  kept  going  for  a  period  of  eight  days.  It  is  worth  mention- 
ing that  no  reproductive  changes  in  the  parasite  were  observed  in  this 
abstracted  blood  at  any  time  during  the  eight  days. 

Question  as  to  the  existence  of  a  quotidian  malignant  malarial 
parasite  in  India. — In  the  literature  of  malaria  in  India  there  is  only  one 
reference  to  a  short  cycle  form  of  malignant  malarial  parasite  and  this  has 
not  been  confirmed.  One  has  written  to  various  ex];erts  on  malaria  in 
India  to  ascertain  their  experience  on  the  subject,  and  all  except  one 
state  that  they  have  not  found  such  a  parasite.  From  personal  observa- 
tions one  is  inclined  to  believe  thai;  such  a  short  cycle  parasite  does 
exist,  but  the  evidence  one  could  bring  forward  in  this  connection  is  by 
no  means  convincing.  It  is  necessary  that  we  should  by  systematic 
examination  of  a  large  number  of  the  cases  now  diagnosed  as  double 
malignant  tertian  (quotidian)  put  this  out  of  doubt.  This  can  be  done 
by  working  out  the  cycle  of  the  parasites  found  in  such  cases. 

To  follow  the  life  cycle  of  malarial  parasites.— In  doing  this  we 
should  proceed  systematically.  To  determine  the  cycle  of  a  malarial 
parasite  it  is  necessary  : — 

"  (1)  To  estimate  the  size  and  percentage  of  parasites  of  each  size 
at  any  particular  time,  e.  g  ,  starting  with  the  onset  of  the 
attack. 

(2)  To  follow  each  group  to  its  period  of  maximum  development 

in  the  circulation. 

(3)  To  estimate  the  time  between  this  period  and  the  next 

appearance  of  young  forms. 

(4)  To  estimate  the  time  between  the  appearance  of  an  outburst 

of  young  forms  and  a  second  similar  outburst. 
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The  interval  between  (1)  and  (4)  should  be  equal  to  the  intervals 
of  periods  (2)  and  (3).  It  is  more  accurate  to  use  a  micrometer  scale  for 
measuring;  but  the  estimation  can  be  made  with  considerable  accuracy 
without.  *  To  establish  a  parasite  cycle,  repeated  observations  at  definite 
intervals  are  necessary  ;  the  temperature  should  also  be  carefully 
recorded  every  two  hours  in  working  out  a  possible  quotidian  malignant, 
and  every  four  hours  in  benign  tertian,  quartan  and  ordinary  malignant 
tertian;  if  this  repeated  examination  at  short  intervals  is  not  carried  out 
noteworthy  changes  may  be  lost  sight  of. 

•Stephens  aud  Chkistophers,  The  Practical  Study  of  Malaria,  3rd  Ed.,  pp.  235,  236. 
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PART  II.-  EFFECTS  OF  MALARIA  ON  MAN 


A. — Pathogenesis. 


At  the  end  of  the  last  Section  one  briefly  considered  the  types  of 
malarial  fevers  produced  by  the  three  difiFerent  forms  of  malarial  infec- 
tion.   Their  legitimate  place  is  in  the  present  Section,  but  it  was  more 
convenient  to  deal  with  them  in  association  with  the  description  of 
their  re.spective  parasites. 

The  term  7waZarm  is  used  to  include  a  class  of  diseases  which  occur 
both  endemically  and  epidemically,  and  which  clinically,  etiolocrically 
and  therapeutically,  exhibit  much  similarity.  The  main  grnup  of 
malarial  diseases  are  the  malarial  fevers  which  are  types  of^pyrexial 
phenomena  due  to  invasion  of  the  red  corpuscles  by  different  forms 
of  Hamcemahidce  conveyed  from  man  to  man  by  certain  apecies 
of  Anop/ielince,  and  show  a  marked  periodicity,  and  are  charac- 
terised by  paroxysmal  intermittent  fever,  antemia,  enlargement 
ot  the  spleen,  melansemia  with  deposition  of  pigment  in  internal  organs 
with  a  tendency  to  relapses,  and  finally,  if  the  paroxysms  continue  to 
the  production  of  a  specific  cachexia. 

Early  effects  of  malarial  infection.-At  the  moment  of 
infection  by  the  mosquito  the  proboscis  is  inserted  into  the  skin  and 
sporozoites^injec ted  some  of  which  find  their  way  into  the  blood.  It  is 
still  doubtful  as  to  how  many  ordinarily  get  into  the  blood  with  each 
bite.  We  may  reasonably  assume  that  if  the  bite  is  very  momentary 
only  a  comparatively  few,  if  any.  will  reach  the  blood.    But  a  mosquiS 

uptrood  Thrwte"f  ^"^'^^"^^  timeTs'uck 

maldnal  infection.    Judging  from  the  thousands  that  are  seen  in  the 
salivary  glands  and  body  cavity  of  infected  mosquitoes  on  cHssection 
a  very  considerable  number  must  be  injected  at  each  bite. 

For  thTromtVfZr''7'"         their  way  to  the  blood  stream. 

for  me  moment  1,000  are  of  no  consequence.  This  leads  one  to  ask 
he  question  as  to  what  number  of  injected  sporozoites  are  required 
0  produce  malarial  fever,  and  the  percentage  of  infected  red  blood  cells 

z^'n^''-'^^^  ^;o^^o  spioSttt  s 

lation.    Each  quartan  parasite  segmenting  at  the  end  nf  7 T  u!. 
12  to  M  at  the  end  of  48  hours,  and  malignant  teitL  about  irto  2o! 


108 


Suppose  we  are  estimating  for  a  double  malicrnant  tertian  (quotidian) 
with  10  spores,  the  nuniber  in  the  blood  would  be — 

At  the  end  of  1st   day  ...  ...  1,000  x  10 

2nd     „    ...  ...  10,000  X  10 

3rd     „    ...  ...         100,000  X  10 


» 


4th     „    ...  "...      1,000,000  X  10 

oth     „    ...  ...     10,000,000  X  10 

6th     „    ...  ...1,000,CC0,000 

The  weight  of  blood  to  body  is  about  1  to  13.  One  cubic  millimeter 
of  blood  =  5,000,000  red  cells.  One  parasite  to  100  red  cells  would  be^ 
a  severe  infection  ;  I  to  50  would  be  an  extremely  severe  infection. 
Eoss  counted  on  this  estimate  as  many  as  3  billions  in  one  case  in  the 
Mauritius.  In  a  case  of  simple  tertian  recently  seen  one  found  5-5  per 
cent,  of  the  red  cells  infected.  The  particulars  of  the  case  are  given 
in  Part  III. 

An  infection  of  I  in  100,000  red  cells  is  probably  the  lowest 
capable  of  producing  pyrexial  phenomena  in  a  fresh  infection  ;  that  is 
2.^,000, OOP, 00"  —250  nno,()00  are  the  least  number  of  infected  red  cells 
required  to  produce  fever.  This  is  reached  between  the  5th  and 
6th  day  in  the  case  assumed  above.  Whilst  this  is  to  a  large  extent 
theoretical,  it  explains,  in  a  reasonable  way,  the  period  of  incubation 
and  the  sudden  accession  of  fever.  On  pp.  114,  115,  one  gives  ones 
personal  views  as  to  the  manner  in  which  the  number  of  sporozoites 
injected  possibly  influences  the  length  of  the  period  of  incubation. 

Malarial  toxins.— It  is  assumed  by  most  authorities  as  highly 
probable  that  the  parasites  of  malaria  manufacture  a  toxin  which  is 
responsible  for  the  paroxysms  of  fever.  This  was  originally  suggested 
by  GoLGI  There  is  no  positive  proof  of  the  existence  of  such  a  toxin 
as  up  to  date  it  has  not  been  isolated.  We  assume  that  such  a  poison  is 
elaborated  to  explain  the  clinical  phenomena  associated  with  the 
malarial  paroxysm  ;  at  present  this  is  the  only  possible  way  we  can 
explain  these  phenomena. 

The  whole  paroxysm  indicates  a  sudden  poisoning  of  the  system 
followed  by  an  elimination  of  some  poison,  whilst  the  rigor  suggests 
that  the  whole  system  has  been  subjected  to  a  shock.  The  cycle  of  the 
mroxvsm,  in  its  typical  form,  is  embraced  in  the  rigor,  accompanied 
and  followed  by  pyrexia,  which  are  succeeded  by  profuse  sweating  and 
then  sudden  disappearance  of  all  the  pyrexial  phenomena. 

If  in  a  case  of,  say,  quartan  infection,  we  give  a  full  dose  of  quinine 
an  hour  before  the  fever  comes  on,  the  paroxysm  occurs,  but  the  second 
paroxysm  is  often  cut  short  or  may  not  occur  at  all  The  young  parasites 
are  k^Ued  off  by  the  quinine,  which  acts  as  a  germicide,  the  older  parasites 
are  no  affected.    Theoretically,  we  assume  that  there  is  a  toxic  poisou 
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formed  by  the  parasite  which  is  pyrogewtie.  The  toxins  are  also 
Immohitic.  There  are,  therefore,  in  all  probability  nt  least  two  toxins, 
one  of  which  is  heat  producing  and  the  other  destructive  to  the  red  cells, 
'J'his  ha^molytic  action  will  be  considered  under  the  heading  of  ancumia. 
It  causes  a  solution  of  the  hasmoglobin  in  the  serum.  The  fact  that 
there  is  a  malarial  toxin  (or  toxins)  is  to  some  extent  supported  by 
the  effects  produced  by  the  intravenous  injection  into  a  healthy  person 
of  the  serum  from  the  blood  in  a  case  of  malarial  fever  during  the 
stage  of  rigor.  The  h.-emolytic  action  of  the  toxin  may  be  seen  in  fresh 
preparations  of  malarial  blood  under  the  microscope.  We  notice  that 
the  serum  acquires  a  darker  yellow  colour  the  longer  the  fresh  blood 
is  kept  under  observation,  and  the  red  cells  become  more  and  more 
embedded  in  the  plasma. 

We  do  not  as  yet  really  know  what  the  toxins  formed  in  malarial 
infection  are.  It  is  suggested  that  they  are  probably  soluble  constituents 
of  melanin.  The  bone-marrow,  spleen  and  liver,  the  chief  oro-ans 
containing  the  pigment,  are  enlarged  ;  the  toxins  are  dissolved  out  of 
these  by  the  plasma  and  from  the  free  circulating  pigment. 

The  degenerative  changes  in  the  cells  of  nerve  centres  and  the 
necrotic  condition  of  renal  epithelial  cells,  apart  from  the  effects  of 
stasis,  lends  support  to  the  existence  of  malarial  toxins.  The  toxins  are 
being  constantly  excreted  during  malarial  infection  in  large  or  small 
quantities.  The  parasites  certainly  do  decrease  spontaneously,  and  this 
IS  probably  due  to  some  germicidal  agent  created  in  the  blood  which 
acts  de  eteriously  and  specifically  on  the  young  parasites  outside  the 
red  cells,  m  the  same  way  that  quinine  does.  It  is  considered  by  some 
authorities  that  the  parasites  attempt  to  paralyse  the  germicidal  action 
ot  the  serum. 

Anaemia. -The  first  effect  of  malarial  infection  is  naturally  most 
pronounced  upon  the  blood,  in  which  fluid  the  haemosporidia  Tve 
parasitically  on  the  red  cells,  and  in  their  metabolism  manufacture 
toxins  which  considerably  affect  all  the  constituents  of  the  blood  Tie 
fareo'trt^  the  condition  of  melansemia,  which  has  for  the 

Inl!?  ^^^''^^'"^  recognised  as  one  of  the  most  characteristic  patho- 
logical conditions  m  malarial  infections.  ^ 

The  anjemia  is  frequently  sufficient  to  manifest  itself  clinically 
Ihis  IS,  to  a  arge  extent,  the  direct  result  of  the  destruction  of  Jce  Is 
by  the  parasites ;  it  is  highly  probable  that  some  of  the  unhifected  ery 

oS' Wi^ t  ;'d"""  '^'''T'  ^  solubT  p^rt  of  L 

toxins    W  ith  the  decrease  in  the  number  of  erythrocvtes  there  i<,  nffan  T 

account  lor  this  is  that  the  bone-marrow,  as  a  result  of  over-nrodnpfi-nn 

a  ir:™tbt  °Za,l"™  ber  of       cells  tlXardeS 

lu  fi<tmogioDin.  Usually,  as  the  case  recovers,  this  deficiencv  is  made  nn 
but  ,n  cases  of  malarial  cachexia  it  may  continue  for  maror'ear' 
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The  largest  destruction  of  red  cells  occurs  during  the  early  parox- 
ysms ;  after  a  certain  degree  of  anijomia  is  arrived  at,  the  destruction 
becomes  gradually  less.  It  is  recorded  that  the  number  of  red  cells 
may  be  deduced  to  2,000,000  per  c.inm.  in  four  days  ;  in  one  case 
after  several  attacks  the  reds  were  only  500,000  (Kelsch). 

A  decree  of  antemia  which  reduces  the  red  blood  cells  20  per  cent, 
after  the  first  few  paroxysms  is  very  common.  The  anaemia,  however, 
is  not  progressive,  although  the  eflfects  of  the  previous  anaemia  produced 
continues  some  time.  After  severe  infections  lasting  some  time,  there 
is  often  a  reduction  of  even  50  per  cent,  of  the  red  cells,  and  about  the 
same  percentage  loss  of  hasmoglobin,  besides  .a  total  loss  of  the  blood 
volume. 

From  the  above  statements  we  can  readily  explain  the  anamia. 
Its  decrree  depends  on  the  number  of  red  cells  infected  by  parasites, 
the  speed  with  which  these  parasites  multiply,  and  the  extent  to  which 
uninfected  cells  are  hjEmolysed ;  it  is  also  to  some  extent  dependent  on 
the  desree  to  which  the  malarial  process  afiects  the  functions  ot  the 
blood  elaborating  organs.  The  blood  cells  are  not  replaced  as  rapidly  as 
destroyed,  hence  there  is  (within  certain  limits),  after  each  series  ot 
paroxysms  a  greater  degree  of  anaemia. 

After  the  more  innocent  forms  of  malarial  infection,  the  antemia 
rapidly  decreases ;  the  same  is  the  case  after  acute  attacks  of  sub-tertian 
fever  when  promptly  and  properly  treated.  In  both  the  simpler  and 
more  malignant  forms  of  malarial  fever,  however,  when  improperly 
treated  a  lasting  form  of  ansemia  arises  which  is  so  characteristic  ot 
chronic  malarial  infection.  In  this  condition  the  parasites  are  still  m 
the  circulatory  system.  This  is  important  epidemiologically  as  leading 
to  long-lasting  residual  infection  and  relapses. 

ftpnerallv  there  is  a  marked  reduction  in  the  total  amount  of 
7      !;^;/Xoi    Psneciallv  in  sub-tertian.    This  reduction  is  sometimes 

to  40  per  cent,  in  a  few  days.  It  is  not, 
howe  -rof  prognostic  importance,  as  in  some  serious  pernicious  cases 
It  mTy  be  only  slight,  and  in  some  mild  cases  of  benign  tertian,  it  may 
be  considerable.  ..7,^7        j  4 

The  tie  peripheral  blood  -  t'^^S 

but  never  in  the  absence  of  complications. 

Melanaemia.-This  is  met^h  at  any 
infection  so  long  as  parasites  tdn„i„g  or  shortly  after 

r p'ro:;~tV^  aU^trna  ri«sms  have  ce.ed  so 
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Jong  as  inalignaut  crescents  or  tertian  or  quartan  spherical  gametes  are  in 
the  circuhition.  Provided  there  are  no  gametes  in  the  circulation,  no 
melanin  is  to  be  found  in  the  blood  beyond  48  hours  after  the  last 
paroxysm.  This  is  of  prognostic  importance  as  indicating,  anyhow 
for  the  time  being,  a  cessation  of  the  effects  of  the  previous  infection. 

The  hjsmozoin  or  melanin,  after  it  has  been  set  free  from  the  para- 
sites, is  contained  in  the  large  mononuclear  cells  (macrophages).  In 
these  cells  it  appears  in  the  form  of  brown  or  brownish-black  pigment, 
in  granules,  grains,  clumps,  or  irregular  blocks.  This  pigment  is  the 
most  characteristic  product  of  malarial  infection. 

The  melanin  set  free  by  sporulation  plays  an  important  part  in 
malarial  fevers.  The  granules  and  blocks  are  rapidly  taken  up  by 
the  phagocytic  cells— wandering  and  fixed  leucocytes  and  vascular 
endothelium.  By  far  the  most  active  leucocytes  in  this  respect  are  the 
large  uononuclears,  although  in  vitro  polymorphonuclears  may,  at 
times,  be  seen  to  contain  pigment  granules. 

The  melanin  is  discharged  at  the  commencement  of  a  paroxysm 
and  this  is  the  time  to  find  pigment  in  the  large  mononuclears     In  the 
spleen  they  take  up  the  free  pigment  much  more  rapidly  and  in  larger 
quanUties.    Bignam  Jstates  that  the  pigment  poisons  the  leucocytes 
the  fixed  ones  lose  their  hold  and  are  driven  on  to  the  spleen  and  die 
Ihey  are  seen  to  be  degenerated  and  do  not  stain  well.    They  nass 
along  the  splenic  vein  towards  the  liver-a  process  that  occurs  after 
some  weeKs.    In  the  liver  the  pigment  finally  disappears,  first  losing 
Its  colour.    Melanin  IS  not  soluble  in  acids,  it  is  soluble  in  alkalies 
The  melanin  IS  of  lighter  colour  than  in  the  parasite,  being  now  of 
a  dirty  greyish  yellow  instead  of  brownish-black.    There  is  abundance 
of  melanin  m  the  livers  of  small  children ;  at  15  or  IG  years  of  age 
there  S  ^^^^P^^^^^  (Daniels).    A  month  after  attacks  have  ceasfd 
there  is.  in  endemic  malarial  districts,  the  same  amount  of  pigment 
m  the  hver  and  spleen  as  after  a  few  days.  pjgu't^nt 

The  pigment  tends  to  be  eliminated  in  time.    While  infection  is 
going  on  It  continues  to  be  found  in  the  spleen,  liver  and  blood  cS^ 
It  IS  never  found  m  the  parenchymatous  liver  cells 

t'Si.  'SzSH-F— ^^^^^  - 
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for  cases  are  recorded  where  the  spleen  has  been  free  from  pigmented 
parasites  and  the  liver  laden  with  them,  or  the  reverse;  or  where  the 
seat  of  election  is  the  brain  or  gastro-intestinal  mucous  membrane. 

The  reasons  why  some  varieties  of  parasites  are  found  uniformly 
distributed  and  others  not,  and  why  red  cells  containing  pigmented 
parasites  tend  to  accumulate  in  tlie  capillaries  of  internal  organs  as 
described,  has  not  been  ascertained. 

The  system  endeavours  by  slow  degrees  to  get  rid  of  the  malarial 
pio-ment  set  free  by  the  parasites.  The  leucocytes,  especially  the 
macrophages,  and  particularly  the  large  mononuclear  cells,  takes  up 
a  large  part  of  the  free  pigment ;  the  remainder  is  deposited  by  these 
cells  in  the  neighbourhood  of  perivascular  lymph  sheaths,  and  in 
these  sheaths  it  is  eventually  seen-  The  lymph  possibly  dissolves  part 
of  this  deposit ;  some  of  it,  however,  is  deposited  in  the  lymph  glands, 
and  may  be  seen  in  many  cases  of  malaria  in  the  lymph  glands  adjacent 
to  the  liver.  It  is  possible  that  the  lymph  glands  effect  its  final  elimi- 
nation  The  actual  parenchymatous  cells  of  the  liver  in  all  probability 
are  not  concerned  in  the  absorption  and  elimination  of  true  melanin. 

It  will  thus  be  seen  that  the  pigment  of  malaria  affects  practically 
all  the  cells  of  the  body.  There  is  in  addition  a  process  of  necrobiosis 
affecting  the  parenchyma  of  internal  organs.  These  necrotic  processes 
are  mainly  cLsed  by  stasis  in  the  capillaries,  to  a  less  extent  probably 
by  the  action  of  toxins.  The  necrotic  particles  are  finally  removed  in 
the  same  way  as  in  other  diseased  conditions. 

H^mosiderin.-Besides  melanin  manufactured  by  parasites  in 
the  blood,  there  is  found  another  form  of  pigment   which  is  yellow 
or  ochre-coloured,  called  hcemosid.rin.    It  is  found  m  the  spleen, 
liver    bone-marrow,  kidneys,  pia  mater,  pancreas,  and  thyroid  gland. 
Rarely  is  it  discovered  in  the  circulating  leucocytes  and  vascular  endo- 
thelium.   This  pigment  is  derived  from  the  haemoglobin  of  red  blood 
cellsTat  has  not  been  entirely  eaten  up  by  the  parasites.  More  o 
?t  i  naturally    formed  from  the   red  cells  infected  by  mahguant 
tertLn  parasites,  which  only  partly  fill  the  red  cells  even  when  sporulat- 
"ran^r  eg'mentation  a  large  part  of  the  haemoglobin  of  each 
inlcted  erythrocyte  is  broken  up  in  the  plasma.    Besides  the  h^moglo- 
Wn  of  infected  red  cells,  in  all  probability  a  large  number  of  uninfected 
rPd  cells  are  destroyed  (necrosed  and  broken  up)  by  the  action  of  a 
\    I]  Wmolvtic  toxin     The  attacks  of  black  water  fever,  sometimes 
TsSed  w"i  h  tti^^^^  infection,  indicates  that  the  actua 
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infiltrates  the  cells  in  a  dissolved  condition  and  is  there  precipitated 
in  this  form,  is  a  question  which  in  our  opinion  may  be  answered  by 
the  assertion  that  both  probably  occur.  The  further  fate  of  this  pigment 
is  only  partly  known."  * 

It  is  considered  that  the  liver  cells  metabolise  their  shave  of  this 
pigment  into  bile,  which  would  explain  the  large  discharge  of  bile  met 
with  during  malarial  paroxysms.  The  spleen  sends  its  share  of  the 
pigment  to  the  liver. 

The  main  effects  of  malarial  infection — pyrexia,  antemia  andmela- 
ntemia — are  now  easy  of  explanation. 

Causes  of  malarial  pyrexia. — The  pyrexial  phenomena  of  malarial 
paroxysms  has  been  satisfactorily  explained,  but  not  with  the  same 
degree  of  precision  as  the  anfemia  and  melana3mia. 

The  parasite  in  its  growth  on  red  cells  produces  a  pyrogenetic 
material  which  is  set  free  when  the  red  cells  burst  during  sporulation 
and  is  capable  of  disturbing  the  thermotaxic  mechanism,  probably 
mainly  by  increasing  thermogenesis  and  to  a  less  extent  by  lessening 
thermolysis,  while  within  the  red  cells  this  pyrogenous  material  can- 
not be  set  free  in  the  plasma  and  does  not  affect  the  temperature.  It  is 
only  when  it  is  set  free  after  sporulation  and  reaching  the  special  nerve 
centres  connected  with  heat  regulation  that  this  influence  is  exerted. 

The  toxins  of  malarial  infection  appear  to  have  a  special  affinity  for 
the  nervous  system,  and  this  explains  many  of  the  clinical  phenomena 
of  malarial  fevers  and  their  sequelfe. 

The  entire  paroxysm  of  malaria  is  in  all  probability  due  to  the 
effect  of  a  poison  on  the  nervous  system.  The  paroxysm  is  the,  clinical 
manifestation  of  the  reaction  of  the  nervous  system  to  the  malarial  toxin 
circulating  in  the  blood^a  regular  intoxication.  Many  of  the  nervous 
symptoms  seen  in  malarial  fevers  show  us  that  all  parts  of  the  nervous 
system  share  the  effects  of  this  intoxication,  which  is  first  manifest 
in  its  action  on  the  vaso-motor  centres.  In  the  cerebrum  we  have  every 
degree  of  eff^ect  from  slight  stupor  to  coma,  from  minor  depression 
to  active  delirium  ;  headache  more  or  less  is  associated  with  every 
paroxysm  ;  neuralgia  often  occurs,  especially  in  the  second  and  third 
divisions  of  the  fifth  cranial  nerve. 

Effects  of  simultaneous  sporulation  of  parasites.— The  time  of 
commencement  of  the  fever  paroxysm  coincides  with  that  of  sporulation 
of  the  parasites  in  the  blood.  This  simple  biological  fact,  discovered 
by  GOLGI,  has  swept  away  volumes  of  unfounded  theory. 

We  should  not,  however,  push  this  question  of  equal  a^res  and 
simultaneous  sporulatioa  of  all  the  parasites  of  an  original  stock  of 
sporozoites  too  far.  Were  the  hundreds  of  millions  of  parasites  neces- 
sary to  give  rise  to  a  malarial  paroxysm  of  identically  the  same  age  to  a 

*  Mauohiafava  and  Bignami,  Ttcentieth  Qmtury  of  Medicine.  Vol.  XIX.  • 
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moment,  then  every  field  of  a  slide  containing  parasites  would  give 
precisely  the  same  picture,  whereas  the  fact  is  we  never  see  such  fields 
(except  occasionally  in  malignant  tertian  in  which  sporulation  goes  on  in 
internal  organs)  ;  there  is,  as  a  rule,  several  hours  between  the  ages  of 
the  parasites  seen  on  every  slide,  even  in  those  of  quartan,  in  which  we 
have  the  nearest  approach   to  simultaneous  sporulation.     We  have 
mentioned  malignant  tertian  as  an  exception,  but  a  close  examination 
of  any  slide  shows  that  in  reality  it  is  not  so,  for  we  frequently  see  in  it 
very  young  unpigmented  amoeboid  parasites  resting  on  the  red  cell, 
fully  formed  rings  and  egg-shaped  pigmented  forms  within  the  red 
cells,  the  last  named  being  the  highest  stage  of  the  evolution  of  the 
parasite  ordinarily  seen  in  the  peripheral  blood. 

Notwithstanding  the  diflferences  in  the  ages  of  these  individual 
parasites  it  is  necessary  to  consider  them  all  as  of  one  generation. 
One  should  remember  that  the  vast  majority  of  cases  of  malarial  infec- 
tion are  not  the  result  of  the  single  bite  of  an  infected  anopheline. 
Such  infection  usually  results  either  from  several  bites  of  the  same 
anopheline,  or  the  bites  of  several  anophelines  one  after  another ;  that 
these  bites    chiefly  occur   during  the  night,  and  that    many  hours 
may  elapse  between  the  earliest  and  latest  bites   giving  rise  to  the 
infection.    It  is  reasonable  to  suppose  that  the  ages  of  the  schizonts 
developing  from  the  sporozoites  inoculated  during  these  various  bites 
would  diflfer  by  many  hours,  and  that  there  would  be  a  corresponding 
difference  in  the  times  at  which  they  would   reach  maturity,  that  is, 
sporulate.    One  believes  this  to  be  the  explanation  of  the  cause  of  the 
varying  lengths  of  the  paroxysm  met  with  in  infections  by  different 
species  of  malarial  parasites. 

With  each  bite  of  an  infected  anopheline  there  are  certainly 
hundreds,  probably  often  thousands,  of  sporozoites  injected,  and  if  the 
bites  occurred  at,  let  us  suppose,  intervals  of  an  hour,  and  four  bites 
took    place,  we  would  have  four    groups    of  sporozoites  producing 
schizonts  which  would  have  a  difference  of  one,  two,  three  or  four  hours 
in  their  ages.    The  difference  from  the  bites  of  one  night  may  be 
much  greater  than  this,  as  when  infected  anophelines  bite  just  after 
going  to  bed,  say,  at  10  or  11  p.m.,  and  again  in  the  early  hours  of  the 
morning.  This,  however,  is  not  the  entire  explanation,  and  as  m  all  other 
animal  forms,  the  struggle  for  existence  is  a  potential  factor  affecting 
the  duration  of  evolution.    There  is  a  corresponding  difference  m  the 
period  of  the  evolution  of  sporozoites  from  the  impregnated  gamete.  As 
the  result  of  a  single  bite  an  anopheline  may  suck  into  her  stomach 
hundreds  of  crescents  or  spherical  gametes.    Many  of  these  are  not 
sufficiently  mature  to  develop  further,  but  of  those  that  are,  in  all  pro- 
bability the  large  majority  proceed  to  further  development,  the  micro- 
gamete  of  exflagellated  males  impregnate  all  fully  developed  macroga- 
metes,  the  resulting  vermicules  finding  their  way  through  the  epithehal 
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cells  and  resting  in  the  stomach  walls  as  zygotes.*  It  is  probable  that 
this  process  goes  on  in  the  stomach  for  some  hours  at  least,  although 
beginning  almost  as  soon  as  the  blood  reaches  it.  A  few  days  later 
another  feed  of  blood  from  a  malarial  person  occurs.  At  the  end  of  six  days 
from  the  original  meal  of  malarial  blood,  it  will  be  seen  that  the  zygotes 
in  the  stomach  walls  are  of  various  sizes,  that  some  have  already  deve- 
loped sporozoites,  whilst  others  will  not  do  so  for  a  few  days.  All  have 
developed  under  the  same  conditions.  The  analogy  holds  good  regarding 
the  asexual  cycle  of  these  parasites  in  the  human  blood — it  is  highly 
improbable  that  of  the  millions  present  during  a  paroxysm,  even  when 
they  are  the  result  of  a  single  bite,  will  mature  at  identically  the  same 
moment. 

Whatever  be  the  explanation,  we  know  as  a  fact  that  the  individuals 
of  one.  generation  never  do  sporulate  at  the  same  moment,  but  do  so  one 
after  another  at  brief  intervals,  and  as  a  result  each  form  of  parasite 
produces  its  own  special  clinical  feature  in  causing  the  paroxysm  to 
last  for  from  a  few  hours  in  typical  quartan  to  30  or  40  hours  in  typical 
malignant  tertian  paroxysms.  "If  the  innumerable  sporulation  forms, 
similarly  to  a  volley  of  a  large  number  of  guns,  would  burst  in  a' 
moment  and  throw  their  contents  into  the  blood-stream,  it  is  very  likely 
that  a  much  shorter  but  also  a  much  more  violent  paroxysm  would  be 
the  result,  but  as  it  actually  is,  the  sporulation  takes  place,  after  the 
manner  of  a  rapid  fire,  and  continues  the  fever  paroxysm  through  a 
series  of  hours  "— ( M ann abehg). 

That  toxic  bodies  are  set  free  at  the  moment  of  bursting  of  the  red 
cells  and  setting  free  the  m.erozoites  is  extremely  probable.  The  toxicity 
of  the  urine  after  a  paroxysm  is  higher  than  normal,  although  the  experi- 
ments hitherto  conducted  to  prove  this  must  be  accepted  with  some  reser- 
vation. It  IS  assumed  that  the  toxin  gives  rise  to  the  paroxysms  by  its 
effects  on  the  vaso-motor  centres  and  thermotaxic  mechanism.    It  is 
comparable  in  this  respect  to  the  toxins  manufactered  by  bacteria  in 
septic  and  pyemic  states ;  indeed  in  the  latter  we  have  as  yet  no  adequate 
explanation  for  the  periodical  return  of  fever,  etc.,  whereas  in  malarial 
fever  such  an  explanation  is  presented  in  the  biological  evolution  of  the 
parasite  with  each  paroxysm  of  fever.    We  are  aware  that  some  hi^h 
authorities  explain  the  periodicity  of  the  paroxysms  to  an  intermittent 
activity  of  the  phagocytes  ;  and   that  in  order  to  explain  the  various 
types  of  fever  they  presuppose  a  greater  or  less  activity  on  the  part  of 
he  parasites  in  diflFerent  countries,  together  with  a  difference  in  the 
reaction  of  the  human  organism.    The  known  biological  facts  in  regard 
nhinnr'''  r  intimately  connected  with  the  clinfcal 

phenomena  of  a  paroxysm,  that  one  feels  forced  to  accept  the  view  art 
g  ually  propounded  by  Golgi-that  the  paroxysm  is  due  to  thespo  uration 
of  the  parasites  more  or  less  simultaneously.  ^poruiation 

anophfli^e' GuAsi'l,l'^/°^'f  sporoblasts  in  the  stomach  wall  of  one 
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There  is  practically  no  system  of  organs  in  the  body  that  is  not  at 
times  affected  in  malignant  tertian  fever.    The  implication  of  internal 
organs  is  in  all  probability  mostly  due  to  accumulation  of  parasites, 
although  the  action  of  the  toxins  liberated  in  Loco  pan  also  reasonably  be 
incriminated  in  this  respect. 
"     Observations  have  shown  that  the  parasites  of  malaria  are  not 
equally  distributed  in  the  circulatory  system.    In  quartan  fever  the 
parasites  are  uniformly  distributed  in  the  peripheral  circulation  and 
internal  organs  (spleen,  bone-marrow,  brain,  etc.)  ;  in  simple  tertian  the 
proportion  is  greater  in  the  internal  organs,  and  in  malignant  tertian 
much  greater. 

Enlargement  of  the  spleen.— This  is  an  invariable  accompani- 
ment of  the  malarial  paroxysm,  though  in  the  earlier  paroxysms 
it  may  not  be  sufficient  to  be  manifest  by  palpation.  It  is  always 
appreciable  by  physical  examination  whenever  malarial  paroxysms  have 
continued  for  a  week.  This  opinion  one  has  arrived  at  after  examining 
many  thousands  of  cases. 

The  longer  the  continuance  of  the  paroxysms,  the  more  repeated  the 
fresh  infections,  and  the  more  lasting  the  relapses,  the  greater  is  the 
hypertrophy  and  the  induration  of  the  spleen.  With  the  earlier  parox- 
ysms the  spleen  is  soft,  retains  its  normal  shape,  has  a  sharp  anterior 
margin,  and  on  deep  inspiration  extends  only  slightly,  if  at  all,  below 
the  left  costal  margin.  Pressure  from  behind  forwards  of  the  left  lower 
false  ribs  may  often  render  a  sightly  enlarged  spleen  manifest  by  pal- 
pation. The  increase  in  size  of  the  spleen  with  each  paroxysm  and  its 
partial  recession  during  the  intervals,  may  often  be  distinctly  recognised 
in  hospital  cases. 

The  extent  of  splenic  hypertrophy  has  a  distinct  relation  to  the 
lenoth  of  the  infection.  In  comparatively  recent  infection  there  is 
seldom  any  considerable  hypertrophy,  whereas  in  chronic  infections  the 
spleen  is  more  often  considerably,  sometimes  enormously,  enlarged. 

The  enlargement  of  the  spleen  of  recent  origin  does  not  as  a  rule  give 
rise  to  pain  that  is  complained  of,  though  in  many  cases,  it  is  tender 
on  palpation.  Sometimes,  however,  pain  is  complained  of  and  may  be  ot  a 
sharp  shooting  character  similar  to  that  of  the  first  stage  of  acute  pleurisy. 
This  is  in  some  cases  probably  due  to  a  perisplenitis,  in  others  to  stretch- 
ins  of  the  capsule,  in  others  again  to  localised  inflanimation  of  the 
spfenic  parenchyma.    One  has  teen  three  cases  of  this  last  named  con- 
dition ending  in  suppuration,  two  of  which  were  operated  on  and  drainea 
successfully,?he  third,  a  bov  of  about  10  years  suffering  also  from  cancrum 
otis  of  the  kft  cheek  died  from  the  general  effects  of  malarial  caehex: a 
and  sepsis  combined.    The  largest  malarial  spleens  are  naturally  found 
fn  endlmic  malarial  centres  where  the  inhabitants  are  constantly  xposed 
fo  re-infections  during  the  malarial  season,  and  suffer  from  relapses 
to  re-inieciiuii&  uuii  ^  Should  these  patients  not 

during  the  non-malarial  part  ot  the  year,    ououiu  uuco 
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succumb  and  eventually  acquire  a  relative  immunity,  the  spleen  may 
once  more  disappear  beneath  the  left  costal  arch,  though  it  is  more  likely 
that  some  small  degree  of  enlargement  will  be  permanent. 

The  enlargement  of  the  spleen  in  chronic  malarial  infection  may 
be  so  great  as  to  give  rise  to  considerable  tension  of  the  capsule  ;  in  this 
condition  rupture  of  the  spleen  is  liable  to  follow  slight  injuries  or  falls. 
Following  such  rupture  there  is  extensive  hsemorrhagic  extravasation 
into  the  abdominal  cavity  and  usually  rapid  death.  Death  may  not 
however  be  immediate.  One  has  recorded  two  cases  where  the  victims 
of  traumatic  rupture  of  malarial  spleens  walked  home  and  died  after 
their  accidents.* 


B. — Pathological  Anatomy. 


Morbid  anatomy  of  enlarged  spleen  in  malaria.— This  organ 
is  always  enlarged  but  to  a  varying  degree.  Its  consistency  is  lessened, 
sometimes  to  the  extent  of  being  diffluent.  In  colour  it  varies  from 
dark  brown  or  chocolate  brown  to  a  slaty  or  black  colour;  this  hue 
being  usually  diffuse,  the  section  is  of  a  dark  greyish  brown,  and  the  non- 
pigmented  malpighian  bodies  stand  out  clearly.  The  capsule  in  acute 
cases  is  thin  and  easily  torn ;  in  chronic  cases  it  may  be  thick  and  firm. 

Microscopically  the  venous  sinuses  are  seen  to  be  dilated,  some- 
times markedly  so,  when  they  may  give  rise  to  haemorrhages.  The 
pulp  is  more  or  less  packed  with  red  cells,  mostly  infected.  The  pig- 
ment is  chiefly  contained  in  macrophages,  though  a  small  amount  may 
be  free.  The  phagocytes  usually  stain  well,  though  many  are  seen 
from  the  defective  staining  of  the  nuclei  to  be  degenerating.  They 
contain  melanin  granules,  parasites,  the  remains  of  red  cells,  and 
particles  of  hsemosiderin.  Occasionally  the  spleen  contains  few  parasites 
and  little  j)igment.  Stasis  in  the  capillaries  is  often  met  with,  as  are  also 
disseminated  necrotic  patches  resulting  from  these  thromboses. 

.  Liver.— The  liver  is  usually  enlarged  ;  its  colour  on  the  surface 
vanes  from  a  steel-blue  or  olive  grey  to  chocolate,  or  even  deep  brownish 
black.  The  capillaries  of  the  portal  and  hepatic  veins,  and  the  branches 
of  the  hepatic  artery,  are  microscopically  seen  to  be  packed  with  parasites. 
Ihe  branches  of  the  portal  vein  contain  splenic  macrophages,  which" 
may  be  sufficient  in  number  to  block  the  capillaries-macrophages  are 
not  seen  m  the  branches  of  the  hepatic  veins.  The  hepatic  cells  are 
enlarged,  frequently  contain  hcemosiderin,  rarely  melanin,  sometimes 
the  remains  of  red  cells  (Bignami,.  The  endothelial  cells  of  capillaries 
are  often  swollen  ;  this  swelling  may  even  include  the  vessels,  and  these 
cells  may  contain  melanin,  as  may  also  the  swollen  Kupffer's  cells. 
Occasionally  microscopic  necrotic  patches  are  seen  from  thromboses  due 
to  leucocytes.    »  Collections  of  small  cells  are  not  infrequently  found 

*HEHiRaudQiuuBLE,  MedicalJurisprudencefor  India,  5th  Ed.,  p.  183  etseq. 
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in  the  tissue  around  the  portal  vessels,  and  this  may  be  the  earlier 
stage  of  a  succeeding  cirrhosis"— (Mann aberg).  Tbere  is  often  some 
hyperasmia  to  which,  with  the  infiltration  with  pigment,  the  enlarge- 
ment is  due. 

Bone-marrow. — The  hone-marrow  is  soft,  almost  diffluent,  of  a 
brownish  red  colour,  its  vessels  contain  numerous  schizonts  and  sporulat- 
ing  parasites,  gametes,  macrophages  are  numerous,  often  partially 
degenerated ;  the  nucleated  erythrocytes  seen,  sometimes  in  large  num- 
bers, do  not  contain  parasites. 

Nervous  system.— Occlusion  of  the  circulation  in  a  large  number  of 
capillaries  of  the  central  nervous  system  explains  most  of  the  functional 
disturbances  met  with.  The  effects  of  capiitary  haimorrhages  resulting 
from  thrombosis  is  difficult  to  separate  from  those  of  thrombosis  itself. 

Brain  and  spinal  cord.— The  brain  cortex  is  often  markedly 
melanotic  from  the  accumulation  of  pigmented  parasites  in  the  red  cells. 
The  dark  coloration  is  nearly  always  visible  to  the  naked  eye.  The 
grey  and  white  matter  of  the  cord  is  affected  in  the  same  way. 

Microscopically  the  pigment  is  usually  seen  to  be  uniformly  distri- 
buted in  the  brain,  but  it  may  be  scattered.  When  uniformly  distri- 
buted the  position  of  the  pigment  maps  out  the  capillary  blood  vessels. 
The  pioment  is  contained  in  red  cells  within  the  capillaries.  Sections 
show  that  the  infected  red  cells  are  glued  to  the  endothelial  walls,  and 
the  healthy  ones  in  the  middle.  Pigment  is,  however,  also  contained  in 
the  large  mononuclears  and  in  the  endothelial  cells ;  the  swollen  state  of 
the  latter  cells  helps  to  occlude  the  vessels  and  disturb  the  circulation. 
Even  the  smaller  arterioles  are  sometimes  found  to  be  blocked  by  the 
infected  red  cells.  "  More  rarely  we  find  other  thrombi  caused  by  the 
accumulation  of  free  pigment,  melaniferous  leucocytes,  and  spores. ' 

Schizonts  seen  in  the  brain  capillaries  are  mostly  near  the  stage  of 
segmentation,  "  most  of  them  in  the  act  of  sporulation.  Crescents  occa- 
sionally occur  in  great  numbers  "— (Mannaberg). 

Hemorrhages  of  different  kinds  are  often  met  within  cerebral  perni- 
cious attacks-they  are  usually  punctiform  and  often  numerous  These 
occur  mostly  in  the  white  matter  of  the  brain  and  cord,  and  in  the 
strand  of  tissue  between  the  white  and  grey  matter- (BiGN AMI).  One 
has,  however  personally,  repeatedly  found  these  punctiform  haemorrhages 
in  the  cortical  substance  of  the  brain. 

C— Kelapses  and  Re-infections. 

Definitions  of  relapses  and  re-infections. -By  a  relapse  we 
mean  the  recurrence  of  a  malarial  paroxysm  or  series  of  paroxysms 
Smetimes  week.,  or  even  months,  after  an  antecedent  attack  of  nialarial 
fe^er  without  the  intervention  of  a  fresh  infection-it  is  the  re-awakening 
of  the  clinical  phenomena  by  malarial  parasites  that  have  remained 
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dormant  in  the  body  from  a  previous  period.  They  are  quite  uncon- 
nected with  re-infections.  By  re-infection  we  mean  a  new  infection 
of  the  blood  by  malarial  parasites  through  anophelines,  after  the  system 
has,  by  treatment  or  spontaneously,  got  rid  of  all  parasites  by  which 
it  was  previously  invaded. 

Eelapses  must  in  India  be  looked  upon  as  one  of  the  ordinary 
occurrences   of  malarial  infection.    It  is  now  fully  recognised  that 
relapses  may,  by  appropriate  and  prolonged  administration  of  quinine,  be 
entirely  eliminated  in  any  individual  case,  and  in  groups  of  men  under 
control  and  discipline.    Without  such  treatment  malarial  fevers,  especi- 
ally in  malarial  districts,  in  the  majority  of  cases  are  followed  by 
relapses.    For  the  few  millions  of  cases  that  are  brought  under  treat- 
ment in  hospitals,  jails,  asylums,  and  the  men  of  the  Indian  Army,  there 
are  tens  of  millions  of  cases  that  are  never  recorded  and  comparatively 
few  of  which  ever  get  quinine.    These  occur  chiefly  amongst  the 
impoverished  labourers  and  ryots,  whose  condition  of  nutrition  and 
lowered  resistance  render  them  specially  prone  to  relapses.    It  is  the 
cases  of  relapse  occurring  during  non-malarial  seasons  that  serve  to 
maintain  the  breed  of  malarial  parasites  throughout  the  year;  from  them 
the  young  broods  of  anophelines  at  the  early  stage  of  the  rains  begin 
afresh  the  process  of  universal  infection  of  human  beings.    Hence  we 
can  readily  see  the  very  important  role  played  by  man  in  the  perpetua- 
tion of  malaria  in  this  country.    There  are  probably  thousands  of 
millions  of  anophelines  in  every  endemic  malarial  district ;  there  are 
certainly  thousands  of  them  to  every  case  of  malarial  infection.  From 
this  we  can  see  how  little  is  the  effect  of  reducing  anophelines,  even  if  we 
could  do  so  by  one  half,  so  long  as  there  are  these  millions  of  cases  of 
untreated  malaria  for  the  other  half  to  feed  upon.  Hence  all  malariologists 
m  India  insist  that  it  is  of  more  importance  to  endeavour  to  eliminate 
malaria  by  proper  treatment  than  to  endeavour  to  exterminate  anophe- 
lines.   Both  tasks  are  at  present  equally  impossible  as  far  as  this 
country  as  a  whole  is  concerned.    It  is  not  so  however  with  com- 
paratively small  districts  with  isolated  malarial  foci,  in  which  both 
measures,  the  universal  employment  of  quinine  in  malarial  infection 
and  destruction  of  breeding  places  within  measurable  distances  of 
habitations,  will  go  far  towards  reducing  the  endemicity.    There  are 
certain  large  districts  also  in  which  these  measures  may  "be  emnloved 
with  partial  success.  -'J^^ 

In  a  malarial  district  during  the  malarial  season,  when  fresh  infec- 
tZZr  it  is  practically  impossible  to  decide 

whether  a  particular  case  is  one  of  re-infection  or  relapse.  A  careful 
anamnesis  of  each  case,  with  examination  of  the  blood"  and  a  hHoi  v 
of  the  course  of  the  infection  (if  any),  would  probably  give  us  ^i forma  ion 
upon  which  we  could  draw  inferences  as  to  whethe/it  was  a  re-X  on 
or  a  relapse,  but  such  deductions  would  not  be  scientifica  ly  reUable 
effect'LX  "'  indication  of  a  re-infection  would  be  a  reco';-d  t  the 
eflect  that  the  preceding  attack  was  caused  by  a  species  of  parasite 
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different  from  the  one  discovered  in  the  blood  during  the  attack  under 
investigation.  Relapses  are  evident  also  when  malarial  paroxysms  occur 
in  a  non-malarial  locality  in  a  person  who  has  recently  left  a  malarial 
place,  in  which  latter  he  had  suffered  from  malarial  fever. 

Relapses  occur  after  all  forms  of  malarial  fever,  but  are  said  to  be 
much  more  common  after  malignant  tertian,  and  more  obstinate  to 
treatment  after  quartan.  One  has  had  the  opportunity  of  inquiring  into 
the  relapses  occurring  in  several  non-malarial  places  in  troops  returning 
from  intensely  malarial  localities,  especially  in  Shillong  and  Lansdowne. 
Detachments  sent  to  the  Bhutan  Frontier  at  the  end  of  autumn,  annually 
from  the  former  station  returned  to  a  man  with  greatly  enlarged  spleens, 
ana3mia,  and  crescents  in  their  blood.  Amongst  the  178  cases  investi- 
gated there  was  not  a  single  one  of  either  benign  tertian  or  quartan 
infection;  in  all  there  were  relapses  and  during  the  relapses  malignant 
tertian  amoeboid  forms  and  rings  only  were  found  and  these  were 
invariably  followed  by  crescents.  During  three  years  in  Lansdowne  one 
has  inquired  into  161  cases  of  relapse  and  found  crescents  in  8  only, 
in  one  of  which  there  was  mixed  infection  with  benign  tertian  parasites, 
the  other  153  were  all  simple  tertian.  Of  the  161  relapses,  130 
were  amongst  Gurkhas  (recruits  and  returned  furlough  men)  who  had 
passed  through  the  Nepaul  Terai  late  in  autumn  and  the  beginning  ot 
winter  30  were  in  Garhwali  furlough  men— two  of  the  8  mahgnant 
tertians  were  in  the  latter.  Recently  one  has  ascertained  that  3d  per 
cent  of  the  relapses  occurring  in  troops  quartered  in  the  tort  at  Delhi 
were  malignant  tertian,  and  24  per  cent,  of  those  in  Meerut. 

My  experience  has  been  that  there  is  no  regularity  in  the  time  of 
the  recurrence  of  relapses,  and  that  they  tend  to  become  more  and  more 
remote  from  one  another  and  the  paroxysms  of  less  seventy^  I  his  is 
particularly  the  case  in  patients  who  are  only  partially  treated  by  quinine 
after  the  attacks  are  over,  as  occurs  in  most  regimental  hospitals.  Kei^V' 
ses  can  be  completely  prevented  in  the  vast  majority  of  cases  by  the 
continued  use  of  quinine  in  the  manner  laid  down  under  the  headmg 
of  Curative  Use  of  Quinine  in  Part  HI. 

Blood  examinations  during  relapses  are  always  positive  when 
quinine  has  not  been  given  before  the  examination,  and  there  is 
apparently  no  appreciable  difference  in  the  actual  number  of  parasites 
in  the  blood  during  the  different  relapses.  For  several  days  following 
L  relapse  even  when  quinine  is  being  administered,  occasional 
paraS;  to  be  found,  and  for  about  two  days,  after  the  paroxysms 
have  ceased  pigmented  large  mononuclears.  In  relapses  of  the  more 
innocent  ttS^^^  -f^-  the  fever  m  the 

samT  way  that  they  do  after  the  original  attack;  the  same  holds  good 
regarding  crescents  in  malignant  tertian. 

Re-infection  in  malarial  regions  is  specially  common.  It  would 
appear  tl  a  for  a  time  at  least  after  the  original  attack  the  -sceptib.h  y 
to ?e-infection  is  increased,  although  after  a  series  ot  re-infections  thi. 
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susceptibility  appears  to  be  lessened.  The  re-infection  may  be  of  the 
same  species  of  parasites  as  the  former  attacks,  or  by  other  species, 
showing  that  the  individual  species  bring  about  no  immunity  against 
re-infection. 

Parthenogfenesis. — Regarding  many  of  the  points  mentioned 
we  find  analogies  in  the  process  of  development  of  sporozoites  in 
Coccidia  (to  which  in  its  entire  life-history,  sexual  and  asexual, 
the  malarial  parasite  is  identical),  whilst  as  regards  relapses  it  is 
somewhat  probable  that  gametes,  which  do  not  leave  the  blood, 
collect  in  internal  organs  and  subsequently  as  "  indifferent "  parasites, 
are  capable  of  taking  up  the  process  of  schizogony,  resulting  in  the 
invasion  of  red  blood  corpuscles  by  the  spores  so  formed.  There  are 
several  instances  of  such  parthenogenesis  in  the  Protozoa,  notably  in 
Coccidia  and  Trypanosomata.  "  The  stimulus  to  the  renewed  activity 
of  the  parasite  which  brings  about  relapse  is  perhaps  supplied  by  some 
external  cause  such  as  a  chill,  which  lowers  the  resistance  of  the  host. 
The  parthenogenesis  of  the  female  sporonts,  as  described  by  Schaudinn, 
is  essentially  similar  to  what  occurs  in  trypanosomes,  and  consists  in 
the  gametocyte  being  set  back  into  the  indiflferent  or  schizont  form, 
after  which  it  sporulates  in  the  usual  endogenous  manner."* 

Probable  explanation  of  relapses.— In  the  case  of  relapses 
we  may  suppose  that  the  male  gametes  gradually  die  out  with  all  the 
weaker  schizonts,  whilst  the  hardier  female  gametes  recede  to  some 
region  of  the  circulation,  still  to  be  discovered,  and  adapts  herself  to 
the  altered  conditions  now  imposed  upon  her,  to  carry  on  the  species 
at  some  future  date.  One  has  on  three  occasions  obtained  "  crescents  " 
from  spleen  smears  of  bodies  of  patients  who  had  months  previously 
suffered  from  mahgnant  tertian  ague,  and  died  from  some  other  disease. 
Ihere  was  no  characteristic  observable  to  di.stinguish  these  from  ordi- 
nary crescents  m  circulating  peripheral  blood,  except  that  they  were 
uniformly  crescentic  and  all  were  of  the  one  female  sex.  It  is  possible 
that  gametes  are  capable  of  forming  anti-bodies  to  defend  themselves 
against  attacks  of  white  cells,  the  serum,  and  the  action  of  quinine 

Pnolr^  ^T^^^  T^^''.^^  ^^'"^^^       ^'^^  tbe  female  gamete  in  the 
k  P^"^"     *^he  malarial  parlsite,  and  it  is 

possible  that  this  resistance  grows  until  it  attains  a  maximum     It  s 
possible  also  that  she  acquires  an  immunity  to  deleteriouTrgencies 
natural  or  artificial,  in  the  circulation,  just  as  we  know  trypanosomes  of 
various  animals  in  laboratories  eventually  acquire  an  immnn^f T^f f^^ 
action  of  atoxyl,  trypanred.  fuchsin,  etc.      ^  immunity  to  the 

Without  treatment  by  quinine,  malarial  fevers  occurrino-  in  thp 
inhabitants  of  malarial  districts,  tend  to  become  chronic     hfs  is  he 

*  W^^^^^N     ALLBUTT  and  KoLLBSXON's  Systcm^edicine,  Vol.  II,  Part  II,  p.  79. 
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infection  in  this  country  (who  may  be  considered  never  to  take  quinine^ 
are'  cases  of  chronic  malarial  infection.  One  would  agairi  emphasise 
fhe  fact  that  when  malarial  fevers  are  properly  treated  with  quinine, 
relapses  occur  in  but  a  small  percentage  of  cases. 

It  is  this  absencQ  of  quiniae  treatment  that  causes  such  a  large 
number  of  cases  of  infection  by  the  more  innocent  parasites  to  become 
chronic  ;  it  is  well  known  that  relapses  of  the  ordinary  intermittent  fevers 
are  readily  prevented  by  the  use  of  quinine— it  is  only  exceptionally 
that  such  cases  under  adequate  quinine  therapy  become  chronic,  and 
of  the  two  forms,  quartan  is  said  to  be  the  more  obstinate  to  such  treat- 
ment. One  has  no  hesitation  in  stating  that  some  of  the  most  serious 
forms  of  chronic  malarial  infection  and  malarial  cachexia  met  with  m 
malarial  districts  are  due  to  benign  tertian  or  quartan  parasites,  notwith- 
standing the  generally  accepted  statement  that  such  cases  are  mostly 
limited  to  cases  of  crescent  fever  (malignant  tertian). 

When  properly  treated  by  quinine  most  of  the  cases  of  malaria  do 
not  relapse,  nevertheless  the  drug  often  fails  to  eradicate  all  the  para- 
sites from  the  blood.  It  would  appear  as  if  quinine  was  in  such  cases 
incapable  of  attacking  the  parasites  ensconced  in  the  vascular  recesses 
of  internal  organs.  This  is  one  of  the  reasons  why  the  proportion  _  ot 
cases  of  relapses  is  greater  in  malignant  tertian  than  in  benign  tertian 
and  quartan  in  which  the  parasites  are  usually  in  the  assailable  situation 
of  the  peripheral  circulation. 

The  cases  of  chronic  malarial  infection  most  frequently  occur  from 
the  end  of  autumn  onwards.    In  the  case  of  the  native  soldier  brought 
to  hospital  at  this  time,  he  is  placed  under  quinine  treatment  and 
discharged    convalescent.    He   returns  in  a  few  weeks    with  iresh 
•    paroxysms,  and  this  goes  on.    So  long  as  taking  quinine  the  paroxysms 
are  checked.    This  may  continue  during  the  winter  and  often  well  into 
-sm-ing     He  may  or  may  not  be  sent  home  on  sick  furlough  more  or  less 
impregnated  with  malaria.    At  home  he  gradually  gets  completely  wel  , 
and  may  remain  so,  or  he  suffers  from  a  pernicious  attack  from  which 
he  may  or  may  not  recover.    This  is  not  the  ordinary  course  at  the 
present  day  as  most  native  soldiers  are   obliged  to  attend  hospita 
regularly  for  their  dose  of  quinine,  until  the  medical  officer  is  assured 
bv  constant  blood  examination  that  the  parasites  are  eradicated,  and 
the  same  remark  applies  to  jails.    But  what  has  been  said  applies  to 
a  very  large  proportion  of  the  cases  treated  as  out-patients  m  our  Indian 
civil  hospitals. 

There  is  still  much  in  connection  with  the  life-history  of  rnalanal 
parasites  that  we  are  unacquainted  with,  and  one  of  ^he  most  d^^^^^^^^^ 
problems  is  the  exact  pathogenetic  relations  of  relapses     \^  e  have  Deeii 
accustomed  to  believe  that  malarial  parasites,  like  all  other  sporozoa 
a  ter  s^everal  generations  of  asexual  life,  tend  to  exhaust  bemse  ve.  bu 
the  recurrence  of  malarial  fever  for  years  in  P^f^.o"/ ^^f^"  ^^^'^^^^^^^^ 
malarious  locality  in  which  they  acquired  malarial  infection,  ana  lived  m 
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rion-malarious  places,  that  is,  without  the  possibility  of  re-infection, 
indicates  that  such  asexual  multiplication  may  continue  indefinitely.  In 
Lansdowne  (5,600  feet)  where  there  is  no  initial  malaria,  one  has  seen 
cases  of  such  relapses  going  on  for  at  least  two  years.  There  is  undoubted 
evidence  that  such  relapses  may  go  on  for  a  much   longer  period. 
Kecently  Dr.  ANTON  Brienl,  of  the  Liverpool  School  of  Tropical  Medicine, 
has  demonstrated  malarial  parasites  in  the  blood  of  a  patient,  who  had 
not  been  in  any  malarious  place  for  seven  years.    There  is  probably 
much  more  in  relapses  than  is  accounted  for  on  the  simple  explanation 
of  parthenogenesis  and  a  return  of  female  gametes  to    indifferent  " 
forms. 


D.— Latent  and  Masked  or  Larval  Malaria. 

Latent  malarial  infection.— By  this  is  meant  cases  of  malarial 
infection  in  which  no  clinical  manifestations  of  malaria  are  presented 
in  patients,  who  have  died  from  some  other  malady.  The  lesions  produced 
in  these  cases  as  seen  after  death  are  largely  confined  to  the  spleen  and 
liver.  Malarial  infection  may  be  latent  until  something  lowers  the 
physiological  resistance  and  causes  malarial  parasites  to  multiply  iu  the 
blood.  For  this  reason  in  India  we  sometimes  find  it  coming  on  during 
or  after  an  attack  of  pneumonia,  complicated  dysentery  or  enteric  fever 
after  parturition,  etc.  ' 

When  malarial  fevers  subside,  either  spontaneously  or  under  quinine 
the  parasites  as  a  rule  vanish  from  the  peripheral  circulation  If  quinine' 
is  not  kept  up  this  disappearance  is  only  temporary.  After  some  time 
varying  from  weeks  to  months,  the  parasites  reappear  in  the  peripheral 
blood  with  the  occurrence  of  a  relapse  of  pyrexial  phenomena  It  selects 
certain  organs  or  tissues  in  which  to  remain  in  a  latent  form  We  do 
not  as  yet  know  what  are  its  characters  in  these  organs  or  what  chan-es 
of  structure,  if  any  it  undergoes  in  them,  nor  do  we  know  precisely  the 
conditions  which  favour  its  multiplication  and  reappearance.  ^Any 
lowering  of  the  vital  processes,  however,  lessens  the  prohibitive  power  of 
the  system  to  prevent  multiplication  ;  a  system  in  a  state  of  complete 
physiological  resistance  and  the  action  of  quinine  favour  latency 

In  latent  malarial  infection  prior  to  clinical  manifestations  malarial 
h^mospbridia  are  going  through  their  life-cycle  in  the  spleen  Id  can 
be  demonstrated  in  sections  of  this  organ  after  death  Were  sue 
a  ent  infection  suspected,  malarial  parasitis  would  be  found  in  a  pirateS 
splenic  blood.  Craig  found  that  out  of  1,267  cases  of  malaria  Tn  ll  1' 
parasites  were  demonstrated  in  the  pedpheLl  blo^r  3  5 '  ?  ^boaj 
32  per  cent,  showed  either  "  latent "  or  "  masked  infection.'' 

Masked  or  larval  malarial  infpr+inTi    R,r  ^u- 

in  which  the .,,,„pt„,., of':^3.^^^iz.~Si^ii::^^^^^^^ 

associated  disease,  or  in  which  ti,e  svrantoms  are  so  atv  7  l  [ 
recognised.    Of  the  395  cases  meotiine'd  air^lrrweSl^-rr^nal 
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infections;  showing  that  the  oestivo-autumrialparasite  is  connected  most 
frequently  with  latent  and  maaked  malajia.  Examinations  of  the  blood 
in  these  cases  showed  the  parasite  in  all  stages  of  development,  but  always 
in  small  numbers.  Of  the  395  cases  277  were  latent  infections,  that  is, 
njalarial  parasites  in  the  blood  without  symptoms,  while  118  were  masked 
infections,  most  of  them  being  in  patients  suffering  from  diseases  which 
masked  the  malarial  symptoms.  Chronic  dysentery,  chronic  diarrhoea, 
pulmonary  tuberculosis,  and  amoebic  dysentery,  were  the  diseases  which 
most  often  masked  the  malarial  infection 


E. — Malarial  CACHiiXiA. 

Clinical  characters— Kepeated  attacks  of  malarial  infection,  irnpro- 
perly  treated  or  not  treated  at  all,  are  liable  to  culminate  in  the  condition 
known  as  malarial  cachexia,  the  chief  symptoms  of  which  are  some 
anaemia  with  great  enlargement  of  the  spleen.  It  occurs  mostly  m 
endemic  malarial  districts  and  especially  follows  malignant  tertian, 
although  it  is  by  no  means  infrequent  after  neglected  simple  tertian 
and  even  after  quartan.  It  may  occur  after  latent  and  masked  malarial 
infections  that  have  gone  untreated  and  unrecognised. 

Anaemia  and  enlargement  of  the  spleen.— The  ancemia  is  of  the 
secondary  type,  the  erythrocytes  reduced  to  2,000,0(10  per  c.m.m.  or 
fewer :  and  there  is  an  increase  of  the  large  mononuclears.  This  latter 
with  the  splenic  enlargement  may  be  the  only  remaining  specific 
indications  of  malaria.  The  spleen  is  sometimes  very  large,  almost 
filling  the  whole  abdominal  cavity  ;  usually  extending  to  close  to  the 
crest  of  the  ilium  below,  half  way  to  the  umbilicus  in  front— that  is 
from  3  to  4  or  5  inches  below  the  left  costal  arch.  It  is  moderately 
firm  on  palpation  and  not  painful. 

The  skin— The  skin  of  the  European  suffering  from  malarial 
cachexia  acquires  a  peculiar  yellowish  or  tawny  hue,  and  the  mucous 
membranes  are  pale  In  natives  the  skin  of  the  face  becomes  darker, 
and  this  may  be  in  patches  or  general. 

The   associated    symptoms   are  gradually  increasing  weakness, 
dvsDUcea,  loss  of  appetite,  and  diarrhoea  ;  there  is  no  real  emaciation 
such  as  is  seen  in  kala-azar.    There  are  periodical  outbursts  of  malarial 
fever  and  during  the  intervals  the  temperature  is  normal.    1  he  parasites 
are  found  in  the  blood  during  these  pyrexial  attacks  and  may  completely 
disappear  between  them     This  is  one  of  the  most  frequent  morbi^ 
conditions  seen  in  the  children  of  endemic  malarial  districts.    Of  3,884 
cldldren  between  0  and  10  years  of  age  recently  examined  in  a  laige 
endemically  malarious  district  one  found  that  2,330  or  about  60  per  cent 
raHrying  degrees  of  enlargement  of  the  spleen  ;  amongst  the  spleen 
cases  there  were  98  cases  or  4-26  per  cent,  of  malarial  cachexia.  The 
average  malarial  index  of  the  3,884  was  about  40  per  cent. 
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Pathogenesis  of  malarial  cachexia. —In  malarial  cachexia  the 
pathological  alterations  are  connected  mainly  with  changes  in'certain 
organs,  and,  in  this  respect,  are  separated  from  pathologicareffects  of 
acute  malarial  infection  which  are  to  a  large  extent  confined  to  altera- 
tions in  the  blood. 

As  we  have  seen  in  the  early  attacks  of  malaria  hundreds  of  millions 
of  red  blood  corpuscles  are  destroyed  by  the  suction  of  the^i  parasite. 
This  occurs  also  in  every  repeated  attack.  The  restoration  of  the  normal 
equilibrium  in  red  cells  has  to  be  effected  by  the  blood-forming  organs. 
These  same  organs  during  malarial  infection  are  busily  occupied  in 
removing  the  melanin  and  the  debris  of  haemoglobin  set  free  during 
sporulation.  The  function  of  removal  falls  chiefly  on  the  liver,  but  is 
also  shared  by  the  spleen,  kidneys,  lymph  glands  and  mucous  membranes 
of  the  intestines. 

So  long  as  the  bone-marrow  and  tlie  organs  named  are  capable  of 
meeting  the  demands  of  the  organism  and  of  restoring  the  loss  effected 
by  the  parasites,  so  long  will  there  be  no  cachexia.  When,  however 
anything  interferes  with  the  functional  or  structural  integrity  of  these 
organs,  then  the  clinical  phenomena  of  malarial  cachexia  manifest 
themselves — in  the  case  of  functional  disturbance  only  the  condition 
will  be  temporary,  in  the  case  of  structural  alterations,  if  these  are  at  all 
serious,  the  condition  will  be  permanent.  When  the  tissues  of  the  bone- 
marrow,  spleen  and  liver  become  functionally  inefficient,  then  malarial 
cachexia  develops.  In  general  terms  it  may  be  said  that  clinically  this 
cachexia  consists  of  symptoms  connected  with  anaemia,  hydraemia,  and 
a  surcharging  of  the  organs  with  pigment.  The  functions  of  the  organs 
of  the  body  are  already  at  a  low  ebb,  and  the  morbid  state  of  the  organs 
prevents  speedy  repair. 

Malarial  cachectics  are  in  a  high  state  of  susceptibility  to  other 
infective  and  inflammatory  diseases,  from  which  they  frequently  suffer. 
Hence  we  should  not  attribute  every  morbid  state  observed  to  the 
influence  of  malarial  infection  in  these  cases. 

Malarial  marasmus.  -Bazar  or  village  children  in  this  condition 
frequently  die  from  a  genuine  malarial  marasmus,  or  from  some 
intercurrent  disease,  especially  diarrhoea.  Adults  may  suffer  from  this 
state  for  years,  during  which  time  they  usually  suffer  also  from 
various  intercurrent  diseases. 

Non-parasitic  post-malarial  fever—The  condition  of  ,W7,-vara- 
sihc  post-vialarial  fever  is  now  a  well  recognised  clinical  entity  in 
some  of  these  cases.  It  is  certainly  unconnected  with  present  ma  aria^ 
infection,  for  parasites  are  not  found  in  the  blood,  and  the  coTditVon 
IS  m  no  way  aftected  by  qumine.  In  many  cases  there  is  no  d°  cover 
able  complication.  A  number  of  these  are  probably  due  to  patholog  ca 
processes  caused  by  the  preceding  malarial  infection  such  a  f^bfotic 

ar,  :l  I—  p-ioi:: 
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F. — Diagnosis  of  Malarial  Cachexia  from  Kala-azar, 

The  association  of  the  Tjeislnnan-Donovan  hody  with  a  clinical  condi- 
tion very  similar  to  that  of  malarial  cachexia,  has  necessitated  a  closer 
investigation  into  the  two  groups  of  similar  cases,  and  the  outcome  of 
all  recent  observations  is  the  conclusion  that  a  certain  number  of  cases 
formerly  called  malarial  cachexia  were  in  reality  kala-azar. 

Kala-azar  is  characterised  by  an  irregular  remittent  fever,  loss  of 
body  weight  and  emaciation,  a  peculiar  cachexia  associated  with  a 
darkening  of  the  complexion,  enlargement  of  the  liver  and  spleen, 
often  diarrhoea,  sweating  at  night  and  well  marked  secondary 
ansemia.  The  average  blood  count  may  be  stated  to  be  about  2,400,000 
red  cells,  1,000  to  2,000  leucocytes — there  is  a  relative  increase  of  large 
mononuclears,  but  this  is  not  constant ;  the  htemoglobin  averages  48  per 
cent.  The  parasite  may  be  recovered  from  the  peripheral  circulation  by 
examination  of  the  blood  by  centrifugalising ;  it  may  also  be  got  by 
puncturing  either  spleen  or  liver  ;  abstraction  of  blood  and  cells  from  the 
latter  organ  is  less  dangerous  than  by  puncture  of  spleen.  A  full  sized 
hypodermic  needle  should  be  used  and  the  precautions  given  in  PART  III 
strictly  adhered  to.  Quinine  has  no  effect  on  the  temperature  of  kala- 
azar.  Apparent  cures  do  sometimes  occur  spontaneously.  The  mortality 
is  about  90  per  cent.  Kala-azar  is  not  confined  to  certain  parts  of  India  ; 
it  has  been  seen  sporadically  in  Tunis,  Algiers,  Obdarman,  China,  etc. 
In  its  epidemic  form  it  is  now  limited  to  Assam. 

The  parasite  has  been  found  in  most  organs:  bone-marrow  is  a 
favourite  seat  of  election  ;  ulcers  of  intestines  ;  lungs  ;  testes  ;  but  they 
are  most  numerous  in  liver  and  spleen.  It  is  a  general  blood  infection 
Patton  has  recently  shown  that  the  parasite  of  kala-azar  may  in 
a  large  percentage  of  cases  be  recovered  from  centrifugal ised  blood,  by 
which  process  the  leucocytes  containing  the  parasite  may  readily  be 
removed,  stained,  and  examined  as  ordinary  smears. 

It  appears  to  attach  itself  to  houses,  and  may  be  considered  a 
domestic  disease,  which  favours  the  view  that  it  is  communicated  to 
man  through  some  insect.  So  far  no  treatment  has  been  of  any  avail. 
These  parasites  are  entirely  intra-cellular,  and  are  found  chiefly  in  the 
large  mononuclear  leucocytes  on  smears,  and  in  the  endothelial  cells  of  the 
vessels  of  the  liver  and  spleen  ^ost-mortem.  The  parasites  are  very  small 
but  typical,  from  1  to  2  microns  in  length,  are  round  or  oval,  possess  a 
We  and  a  small  nucleus  not  unlike  the  micronucleus  and  macronucleus 
of  a  trypanosome  ;  they  have  been  cultivated  in  vitro  m  citrated  blood  by 
Leonard  Rogers,  and  develop  into  flagellated  organisms  which  have  most 
of  the  characters  of  herjjetomonads  :  their  development  into  the  herpe- 
tomonad  form  has  been  followed  in  the  stomach  of  the  bed  bug  (dmex 
rohindatus)  by  Patton.  Leishmania-donovani  h^f^  h^emse  been 
successfully  inoculated  into  dogs  in  this  country  and  m  Algiers.  _ 

The  evidence  is  rapidly  growing  that  this  parasite  plays  an  import- 
ant part  in  the  fevers  of  this  country. 
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G. — Spontaneous  Cure. 

It  is  within  the  experience  of  all  medical  men  in  India  that  in 
healthy  persona  a  stnall  infection  of  malarial  parasites  may  be,  and  often 
is,  completely  thrown  off.  In  all  probability  a  similar  infection,  when 
the  physiological  resistance  is  reduced  from  any  cause,  would  bring 
about  definite  symptoms  of  malarial  infection. 

Here  (Lansdowne,  5,600  feet)  where  no  fresh  infection  can  arise  as 
no  anophelines  exist,  one  lias  frequently  tested  this.  Even  pernicious 
cases  may  recover  spontaneously  :  "  several  such  cases  have  been  reported 
by  TORTI.  "* 

Of  987  native  children  examined  on  hill  stations  (height  5,000  to 
7,400  feet),  in  which  no  initial  malaria  existed,  one  found  that  there 
were  101  or  about  10  per  cent,  with  enlargement  of  the  spleen.  None  of 
these  children  had  been  under  quinine  treatment.  They  had  practi- 
cally all  been  on  the  plains  during  the  preceding  12  months  and  were 

drawn  from  the  same  classes  as  the  3,884  mentioned  on  p.    12  4  they 

were  the  children  of  native  followers  of  European  Troops  regiments. 
In  the  3,884  the  spleen  rate  was  60  per  cent.,  in  the  hills'  children  10 
per  cent.,  therefore  50  per  cent,  of  the  splenic  enlargements  (in  the 
absence  of  re-iulections)  disappeared  spontaneously  within  12  months. 
The  endemic  index  in  the  3,884  children  was  about  40  per  cent.,  that 
of  the  hills'  children  5  per  cent.  ' 

The  human  body  undoubtedly  possesses  natural  means  of  destroying 
the  malarial  parasite.  The  chief  agency  by  which  this  is  brought  about 
is  the  large  mononuculear  leucocytes  and  to  a  much  less  extent  the 
polymorphonuclears.  The  leucocytes  eff"ect  the  destruction  of  some 
of  the  parasites  during  the  febrile  paroxysm,  and  also  ingest  the  disin- 
tegrated forms  after  the  conclusion  of  the  febrile  attacks.  When  the 
nutrition  of  the  body  is  perfect  this  and  other  defensive  natural  processes 
are  considerably  helped,  whereas  when  the  vitality  is  lowered  from 
any  cause  spontaneous  cure  is  hindered. 


H.— Malaria  in  Relation  to  other  Infectious  Diseases. 

Liability  to  secondary  infections.— While  what  seems  reasonable 
IS  not  necessarily  scientifically  accurate,  it  would  appear  that  an  organ- 
ism whose  physiological  resistance  is  considerably  reduced,  and  whose 
bl.:od  elaborating  and  eliminating  organs  are  functionally  defective  fas 
IS  the  case  in  malarial  infection  of  any  duration),  is  in  a  hiahiv 
susceptible  condition  to  acquire  secondary  infections.  Such  infections 
are  frequently  associated  with  malaria.  "it^i-uons 

Malaria  and  enteric  fever.-  These  two  conditions  do  not  exclude 
o^.other.     Ihere  are  numerou^^listnct^      and  cantonmeJits 
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in  India  where  both  are  endemic,  and  cases  are  often  seen  in  which 
the  double  infection  has  taken  place.  In  one's  own  experience  one  has 
found  this  combination  in  Lucknow,  Benares,  Dellii,  Peshawar,  Hydera- 
bad (Deccan),  Bakloh  and  Lahore.  In  rural  endemic  malarial  districts 
enteric  fever  is  rarely  spen,  and  this  may  have  something  to  do  with  the 
tradition  that  was  for  a  time  current  to  the  effect  that  these  diseases 
antagonised  each  other.  Each  form  of  infection  is  quite  specific,  and  the 
one  In  no  way  minimises  the  other.  The  literature  oi  post-mortema  in 
our  large  Indian  hosj  itals  confirms  the  statement  that  the  two  diseases 
may  co-operate  in  bringing  about  a  fatal  termination. 

Both  diseases  may  run  their  course  simultaneously.  All  experienced 
medical  officers  in  India  have  met  with  such  cases,  and  there  are 
instances  on  record  in  which  positive  blood  examinations  of  malarial 
parasites  and  (in  a  few  cases)  positive  cultures  of  Eberth's  bacillus 
from  the  blood,  or  Widal's  reaction  (in  a  fairly  large  number!  in  the 
same  cases.    During  the  last  seven  months  one  has  had  two  such  cases 
under  observation.    My  personal  experience  has  been  that  the  malarial 
paroxysms  precede  the  enteric  symptoms,  which  latter  are  to  some 
extent  masked  by  the  dual  infection.    Again  sometimes  the  malaria 
is  masked   by   the  enteric  symptoms ;  frequently  the  malaria  para- 
sites disappear  from  the  blood  for  a  time  during  the  course  of  the 
enteric    and  reappear  during   convalescence ;  cases   of  enteric  fever 
are  recorded  in   which  malarial   paroxysms    were  made  known  by 
irregularities     in   the   fever    occurring    periodically   with  marked 
anaemia     In  this  condition  of  dual  infection  it  is  quite  impossible  to 
make  a  correct  diagnosis  from  the  clinical  phenomena  alone.    A  positive 
diagnosis  of  either  form  of  infection  is  also  very  difficult  from  clinical 
manifestations  alone.    Cases  of  severe  malignant  tertian  with  a  conti- 
nued or  sub-continued  temperature  frequently  run  a  course  that  close  y 
resembles  enteric;  and  the  latter  disease  may  often  begin  with  a  cold 
stage  and  intermittent  rises  of  temperature  and  sweating,  or  have  a 
remittent  character,  or  assume  this  character  from  secondary  infection 
during  the  later  stages. 

We  in  India  recognise  that  this  dual  infection  is  clinically  met 
with,  and  by  a  number  of  experienced  men  the  original  term  applied  to 
it  by  Woodward  though  scientifically  inappropriate,  typho-maLaricd 
fever,  is  still  used. 

Malaria  and  dysentery. -These  two  infections  often  occur  in  the 
same  district  endemically,  and  it  by  no  means  infrequently  happens, 
esDecially  in  the  later  stages  of  malarial  infection,  that  the  two  run  their 
course  in  the  same  person  concurrently.  The  paroxysms  of  malarial  fever 
aggravate  the  dysenteric  symptoms  and  the  latter  may  then  obscure  the 
Ser.  A  positive  serum  reaction  to  dysentery  bacilli  in  bacillary 
dysentery,  or  on  examination  of  the  faeces  for  ^../nm«&c.  asfoiyaca  in 
endemic  dysentery,  and  the  blood  for  malarial  parasites  will  both  in  such 
a  case  be  positive. 
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Malaria  and  scurvy. — There  are  few  of  our  Indian  Frontier  cam- 
paigns in  which  these  two  conditions  are  not  met  with  in  the  same 
troops,  the  one  aggravating  the  other.  The  scurvy  comes  on  after  some 
months'  exposure  to  hardship  and  some  physiological  deficiency  in  the 
diet. 

Malaria  and  beri-beri.  —  One  has  been  told  by  several  practitioners 
of  the  xMalay  Straits,  China,  and  Formosa  that  they  have  seen  both  these 
conditions  simultaneously  in  the  same  persons,  but  one  has  no  personal 
experience  of  this  combination  in  this  country. 

Malaria  and  relapsing  fever. — Malaria  has  been  found  in  asso- 
ciation with  relapsing  fever,  both  malarial  parasites,  and  the  Spirochceta 
obermeieri  being  found  in  the  blood  of  the  same  patient  at  the  same  time. 

Malaria  and  syphilis.— Malaria  and  syphilis  may  not  only  occur  in 
the  same  person  but  the  one  disease  considerably  aggravates  the  other, 
and  unless  the  malaria  is  promptly  treated  the  dual  infection  is  a  very 
serious  matter  for  the  patient.  One  has  on  three  occasions  during  the 
last  four  years  abstracted  Treponema  pallida  from  the  enlarged  lympha- 
tic glands  of  patients  suffering  from  syphilis  in  whose  blood  malarial 
parasites  were  found. 

Tuberculosis  and  malaria.  -  It  was  at  one  time  considered  that 
malaria  was  antagonistic  to  tubercular  infection  in  this  country.  Ten 
years'  practice  in  a  large  hospital  has  convinced  me  that  they  aggravate 
one  another.  A  frequent  history  in  pulmonary  tulerculosis  is  that  it  has 
been  preceded  by  series  of  malarial  paroxysms  or  a  number  of  relapses 
and  rallies.  Once  the  hectic  stage  is  reached  the  tubercular  factor 
dominates,  and  it  is  then  rare  (in  this  combined  infection)  to  find 
malarial  parasites  in  the  blood. 

Septic  infection  and  malaria.— Septic  infection  and  malaria  are 
fre^quently  found  together  in  the  same  patient  both  during  the  malarious 
and  non-malarious  seasons,  especially  in  the  later  stages  of  malarial 
infection  and  in  malarial  cachectics. 

Precipitation  of  malarial  paroxysms  by  surgical  iniuriP^s  Dnr 

injury  oi  even  Dy  the  surgeon  s  knife  in  ordinary  operations    Iniuvifl.,  of 
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METHODS  OF  MEASURING  THE  ENDEMICITY  OF  MALARIA 

IN  INDIA. 

General  remarks. 
The  accurate  measurement  of  the  endemicity  of  malaria  in  even 
a  small  district  is  an  enormous  undertaking.    Let  us  see  what  such 
an  estimate  entails.    It  embraces  amongst  other  points— (1)  The 
malarial  index;  (2)  the  general  parasite  rate  ;  (3)  spleen  index  ;  (4) 
the  variety  of  plasmodia  met  with  in  the  blood  of  inhabitants  and 
their  relative   proportions;  (5)  the  sporozoite  rate;  (6)  variations, 
seasonal  and  other,  of  local  endemicity  and  the  causes  of  the.se  ;  (7) 
varieties  of  anophelines  present,  an  investigation  as  to  which  are  the 
natural  malaria-carrying  ones  amongst  these,  and  the  proportion  of 
malaria-bearing  anophelines  to  those  that  are  not  natural  carriers ; 
(8)  hidino-  places  of  adult  anophelines  ;  (9)  localisation  of  all  breeding 
places  of  anophelines;  (10)  areas  of  special  prevalence ;  (11)  general 
drainage  of  the  country ;  (12)  local  meteorological  and  geo  ogical  rela- 
tions of  malaria,  and  the  manner  in  which  these  affect  the  breeding 
of  anophelines  ;  (13)  local  malarial  statistics  giving  the  malaria  case- 
incidence  of  previous  years  and  at  the  time  under  inquiry.  Incidentally 
such  points  as  the  aestivation  of  adult  anophelines,  and  the  hibernation 
of  adult  or  larval  anophelines,  and  other  questions  such  as^  the  relation 
of  relapses  and  re-infections,  immigration  and  emigration,  to  the 
prevalence  and  perpetuation  of  the  local  malaria,  might  be  inqmred  into. 

An  inquiry  into  the  malaria  of  a  district  should  last  at  least  twelve 
months  and  should  show  the  monthly  variations  of  the  factors  engaged 
n  maintaining  endemic  malaria.  Under  any  circumstance  the  scien- 
tiaHud  accurate  investigation  of  malaria  of  a  locality  is  an  arduous 
and  prolonged  task.  Take  the  question  of  the  sporozoite  rate.  In  a 
?nll  inquiry  hundreds  of  several  varieties  of  anophelines  may  have  to 
be  di  sectei  and  tho  have  done  this  know  what  a  labour  it  ,s^ 

Again  the  'taking  of  the  malarial  index  m  ^1-  -^.'3^^ 
children    spread  over  15  or  20  villages  m  an  area  of  2o  01  30  miles, 
h^oke^'a  considerable  amount  of  labour  that  does  not  appear  in  the 
subsequently  recorded  facts. 

With  reference  to  the  sporozoite  rate,  where  anophelines  are  very 

dands  or  zygotes  in  the  stomach  walls.  _ 

ThP  findincv  out  of  all  breeding  places  of  anophelines,  the  species  of 
o«a  a?/ir  iS  ™e\f  ;Le.  «,e|   oHeotion  ^^^^ 
incr  on  exneviniental  malaria  with  them   all  """^P*  Uence  it 

"Saria  iniuhy  and  are  associated  V^^^ ^'l^^^Zy 
is  that  malarial  inquiries  of  a  reliable  kind  in  in  iici  j 

iUa  <i\\ne  locality  within  wide 
The  malarial  rate  may  vary  in  the  ^^'"^  f       .  .  , 
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certain  parts  of  India  where  it  was  previously  comparatively  trifling 
there  are  localities  with  sudden  fluctuations,  and  there  are  others  where 
it  is  permanently  high  or  permanently  low. 

The  endemicity  even  in  the  more  pestilential  malarial  areas  varies 
very  much— it  may  range  from  being  a  pandemic  with  irregular 
periodicity,  to  that  of  an  ordinary  endemic  locality.  All  the  conditions 
in  two  places  within  a  few  miles  of  each  other  may  be  the  same,  yet 
the  malarial  index  of  one  is  very  high,  and  in  the  other  very  low  or 
even  at  zero. 

Whilst  malaria  is  universally  distributed  in  this  country,  it  is 
essentially  a  local  disease ;  it  is  sometimes  found  to  adhere  to  certain 
parts  of  inland  towns  and  cantonments  for  years,  extending  beyond 
these  only  during  epidemics  and  pandemics  of  malarial  infection.  In 
some  cases  it  is  at  once  possible  to  discover  the  essential  causes  of  this 
locahsation,  in  others  the  enquiry  is  exceedingly  difficult,  possibly 
because  they  are  connected  with  epidemiological  conditions  regarding 
malaria  that  are  still  unknown. 

_  It  is  necessary  therefore  to  inquire  carefully  into  the  endemic 
indices  over  large  areas  to  get  an  accurate  estimate  of  the  variations 
in  endemic  malaria  in  a  district  or  province. 

After  ascertaining  in  a  general  way  the  chief  facts  concernin<^ 
the  province,  district,  town,  cantonment  or  series  of  villages,  we  should 
make  a  close  malarial  survey  of  each  district,  and  every  part  of  the  dis- 
with  ^°  ^^^^^^"^  variations  that  will  be  met 

^..,.1^%"^^^^''^ ''^^^  ""^^"^^  place  is  not  easy  to  calculate  with  any 
degree  of  accaracy,  as  there  are  so  many  factors  which  may  disturb 

t"         ctt  orV'r  °f  non-reported  cases,^cases  not 

treated,  cases  of  infection  keeping  at  work,  and  so  on. 

In  some  places  to  acquire  an  accurate  knowledge  of  the  endemicitv 

iL""iT  '^''^'''^  conditions  of  life  of  the  a 

task  of  the  greatest  difficulty.  peopie,  a 

vnio  J"  ""^^.'^"^g       amount  of  malaria  in  a  town,  district,  series  of 
One  ^oT'  the'^:  g^''^-^-^  -ntonment.  we  should  proc;ed  systemSy 
accumulated  ^^P^.^^ant  points  on  which  information  is  to  be 

ta'ned  iv  fll  1     f,  ^''''^f ,  ^''^""'^      ^^^^"^  l^^^lity  as  ascer! 

^Zi^'jL^^^^^^^  ^vith  tl7e  general- 

ing  malaria  available     In  a  di^^tnVt  »,^  .Z\  J  statistics  regard- 
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of  most  Indian  statistics,  exce^jt  those  published  by  the  Sanitary  Com- 
mission with  the  Government  of  India  in  Simla,  is  generally  admitted. 

Nevertheless  the  statistics  acquirable  in  districts  give  us  information 
that  would  take  some  time  to  gather  without  their  aid  ;  they  should 
not  therefore  be  ignored.  Whenever  possible  it  is  advisable  to  gather 
one's  own  statistics  in  malarial  inquiries.  Whenever  this  is  done 
the  manner  of  ascertaining  the  data  should  be  defined  and  recorded,  so 
that  their  real  value  can  be  estimated  by  others. 

In  the  estimation  of  endemic  malaria  of  a  locality  we  should  take 
into  account  only  fresh  infections.  The  large  majority  of  cases  occur- 
ring in  late  summer  and  autumn  are  fresh  infections,  whilst  those  occur- 
ring during  the  winter  are  relapses  from  infections  that  occurred  during 
the  preceding  autumn  or  late  summer  months.  The  proportion  of 
these  relapses  is  largely  governed  by  the  number  of  earlier  fresh 
infections ;  in  years  of  great  endemicity  (with  a  large  number  of  fresh 
attacks)  the  relapses  reach  their  maximum  during  the  winter.  The 
factor  of  low  temperature  in  winter  is  of  importance  in  relapses  by 
reason  of  its  causing  chills. 

Most  of  these  points  got  by  careful  inquiry  should  be  confirmed  by 
the  observer  or  by  other  methods  used  to  check  them.  Such  mforma- 
tion  often  gives  useful  guidance  as  to  the  direction  of  research  in 
a  district  or  town. 

In  estimating  the  value  of  statistical  inquiries  in  malarial  diseases, 
as  in  connection  with  other  infective  maladies,  one  should  invariably 
keep  in  view  the  degree  of  probable  error  in  each  calculation.    In  this 
connection  it  is  unnecessary  to  emphasise  the  importance  of  applying 
POISSON'S  formula  to  all  small  groups  of  data     The  fm-mula  itself  of 
course  only  deals  with  the  actual  figures  apphed  to  it.    It  has  nothing 
to  do  with  the  various  sources  of  error  liable  to  be  met  with  m  the 
figures  themselves,  such  as  errors  in  observations,  defects  in  the  actual 
units  employed  in  the  group  of  figures,  etc.  The  wide  degree  of  van  a  ion 
^n  future^identical  groups  as  shown  by  Poisson's  formula  indicates  how 
essential  itistohave  a  reliable  number  of  observations  to  work  on  befoie 
arriving  at  positive  opinions,    With  faulty  observation  the  ^-ultn^l  ca- 
tion of  figmes  can  only  magnify  the  error  and  leac  more  ^ f^^y. 
all  their  possible  sources  of  error,  however,  statistics,  when  gathered 
from  reliable  sources,  are  our  most  trustworthy  guides. 

Control  operations.-When  estimating  the  value  of  anti-malai-ial 
measures  we  should  not  omit  control  operations  of  comparable  corn- 
munities  as  regards  intensity  of  malarial  endemicity-such  operations 
being,  of  course,  omitted  in  the  "  control '  areas. 

Possible  errors  to  be  eliminated -AH  -i^l^^^^^^^^^^;/ 
the  actual  malarial  intensity  of  a  particular  locality  to  be  leliable 
require  the  utmost  care,  and  the  elimination  of  possible  errors,  buch 
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inquiries  always  mean  hard  work.  Any  one  who  has  taken  the  endemic 
index  of  malaria  in  even  a  comparatively  small  district  containing,  say, 
1,000  children,  for  a  period  of  six  consecutive  months,  tabulated  in  age- 
groups  by  the  mouth  for  different  villages,  knows  the  considerable 
amount  of  labour  involved,  and  that,  usually,  under  somewhat  trying 
circumstances,  apart  from  the  possible  opposition  of  the  people  them- 
selves. 

Malarial  map. — The  geographical  and  topographical  distribu- 
tion of  vialarial  diseases  in  the  area  should  be  noted,  together  with 
the  varieties  of  parasites  of  malaria  met  with,  and  the  localisation  of 
adult  malaria-breeding  anophelines  and  the  breeding  places  of  their 
larvae. 

Maps  drawn  to  definite  scale  should  show  the  points  required  in 
distinctive  figures,  letters,  or  signs.  Where  the  factors  regarding 
which  notes  are  to  be  made  are  present,  they  are  marked  with  a  plus 
(  +  )  sign,  atod  where  absent  with  a  minus  ( — )  sign.  Places  not  investi- 
gated should  also  be  marked,  otherwise  they  may  be  thought  to  be 
negative,  and  erroneous  conclusions  as  to  the  distribution  of  malaria 
arrived  at.  All  streams,  wells,  collections  of  water  should  be  shown  and 
all  places  where  anophelines  may  breed.  In  ascertaining  the  incidence 
of  malarial  diseases  in  a  town  or  village,  or  group  of  houses,  a  plan 
of  these  should  be  drawn  and  the  houses  or  huts  infected  indicated  in 
the  way  described  above. 

General  and  special  malarial  survey  to  be  made  before  com- 
mencing- an  anti-malarial  campaign.— Whenever  an  anti-malarial 
campaign  is  to  be  adopted,  we  should  make  a  general  and  a  special 
survey  of  the  area  to  be  operated  on  as  regards  the  different  sites  of 
ponds,  pools,  and  all  collections  of  water  in  the  place,  ascertain  the 
extent  to  which  larvae  inhabit  these,  and  the  species  of  these  larvas. 
In  doing  this  the  use  of  a  white  vessel  should  not  be  omitted,  as  on 
the  white  background  of  such  vessels  in  water,  with  a  little  experience, 
the  kinds  of  larvae  present  can  usually  be  spotted.  Such  a  survey 
m  Its  entirety  also  includes  an  accurate  record  of  the  endemic  index 
ot  malaria,  the  sporozoite  rate  and  the  spleen  rate  of  the  district 
together  with  a  critical  examination  of  all  hospital  or  other  records  as 
regards  malarial  fevers  for  the  preceding  ten  years,  if  such  records  are 
available. 

Endemic  index  of  malaria. -Stephens  and  Christophers  and 
Koch  have  f  own  that  the  number  of  native  children  Jfth  malarral 
parasites  in  their  blood  s  the  best  estimate  of  the  malarial  intensity  of 
a  p  ace;  and  from  this  Stephens  and  Christophers  evolved  their  now 
well-known  endemic  index  of  malaria,  or  the  percenta<.e  of  child  en 
with  malarial  parasites  in  the  peripheral  circulation,    ^o  be  Xble 

S  -  -  to  confiderably 
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Endemic  malarial  index  of  a  locality. — Having  decided  on  the 
locality  to  be  investigated,  a  village,  part  of  a  town,  hustee  or  series  of 
kintlads,  we  get  tlie  assistance  of  the  European  (if  any)  and  native 
officials,  magistrates,  sub-collectors,  patwaris ;  in  a  cantonment  of  the 
Cantonment  Magistrate,  Station  Staff  Officer,  and  regimental  authori- 
ties, etc.  Have  a  muster  of  the  children  made.  Do  a  spleen  test  first, 
as  this  gives  no  bother  and  will  assist  in  taking  the  blood  films  subse- 
quently. Take  a  few  films  of  adults  and  older  boys  as  a  preliminary 
to  taking  those  of  the  younger  children.  The  little  operation  should 
be  carried  out  with  the  least  possible  fuss.  A  single  smear  from  each 
is  usually  sufficient.  If  the  area  is  but  slightly  malarious  two  films 
may  be  made  from  each  child.  The  more  taken,  the  greater  will  be  the 
accuracy  of  the  test.  One  has  practically  never  experienced  any  trouble 
in  taking  the  malarial  index  of  bazars  or  villages.  A  small  feast  of 
bazar  confectionery  at  the  end  of  the  process,  or  a  copper  for  each  child, 
removes  all  difficulties. 

Age-groups  of  children  in  endemic  indices.— In  taking  an 
endemic  index  it  is  necessary  to  take  age-groups,  and  the  actual 
number  of  slide  preparations  of  blood  of  each  child  should  be  recorded. 
In  some  places  the  endemic  index  may  be  100  per  cent.    This  was 
the  case  in  Ennur,  Madras,  during  Stephens  and  Christophers'  obser- 
vations.   The  same  authorities  found  that  in  the  villages  of  West  Africa 
the  blood  of  90  per  cent,  of  the  babies  contained  malarial  parasites, 
children  up  to  8  years  57  per  cent.,  up  to  12  years  28  per  cent.,  and  over 
12- years  they  were  rarely  infected.    At  the  village  of  Maram  in  Mani-. 
pur,  in  the  month  of  December  1904,  when  taking  the  malarial  index 
of  the  place,  one  found  that  of  72  children  between  0  and  10  years  of 
age,  70  had  malarial  parasites  in  their  blood.  In  most  malarious  districts 
it  will  be  from  25  to  50  or  60  per  cent.    The  endemic  malarial  index 
varies  with  the  age  of  the  child.    It  is  highest  between  1  and  2  years, 
decreases;  between  3  and  10,  and  is  lowest  after  12  years.    When  making 
comparisons  of  the  malarial  endemic  incidence  of  localities,  this  age- 
incidence  is  a  very  essential  factor,  considering  the  probable  disparity 
and  rapid  decrease  in  numbers  of  children  affected  by  malarial  parasites 
after  ten  years  of  age.    It  is  therefore  important  that  in  comparing  one 
district  or  village  with  another,  the  figures  for  comparison  should  be  m 
age-groups.    "  By  investigating  the  blood  of  children  m  this  way 
remarkable  variations  in  malarial  endemicity  are  found,  and  it  is  the 
easiest  and  best  way  of  getting  a  true  idea  of  the  intensity  of  malaria 
in  any  place.    Further,  the  monthly  variations  in  malarial  intensity 
can  be  readily  followed  by  this  method,  and  we  have  in  it  a  simple  and 
satisfactory  way  of  estimating  whether  anti-malarial  measures  haver  had 
any  effect  whatsoever  "—(Stephens  and  Christophers). 

An  absolutely  correct  estimate  of  the  amount  of  malaria  in  a 
locality  would  necessitate  the  examination  of  the  blood  of  every  person 
in  the  locality.    This  in  any  investigation  is  practically  impossible. 
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It  would  also  necessitate  similar  examination  in  the  case  of  all  persons 
coming  to  the  place  to  ascertain  that  they  did  not  import  malaria ; 
this  examination  of  the  residents  would  determine  the  number  actually 
infected  in  the  place.  We  would  then  have  two  groups — the  imported 
cases  and  those  that  are  indigenous,  and  "  the  ratio  of  the  numbers  of 
each  class  to  the  total  population  might  be  called  the  infected  malaria 
rate,  and  the  indigenous  malaria  rate  respectively"  (Ronald  Ross). 

When  we  refer  to  the  amount  of  malaria  in  a  locality,  both  these 
classes  (imported  and  indigenous)  are  included,  since  both  are  liable  to 
relapses.  The  malaria  in  a  place  signifies  the  malaria  acquired  in  it.  It 
is  not  always  easy  to  recognise  the  indigenous  from  the  imported 
malaria.  Cured  cases  of  imported  may  be  re-infected  indigenously. 
Many  indigenous  cases  leave  the  place.  .Still  in  most  normal  popu- 
lations emigration  about  balances  the  immigration.  In  military  can- 
tonments however  the  number  of  imported  malaria  cases  may  be  very 
great,  and  the  same  holds  good  for  some  hill  stations.  In  some  hill 
stations  these  are  the  only  cases  of  malaria  met  with.  Reports  of 
complete  investigations  would  embrace  both  the  monthly  and  annual 
infection  rates  in  a  locality. 

The  number  of  cases  of  malaria  in  a  place  in  a  given  time  to  a 
considerable  extent  depends  on  the  number  of  infected  anophelines ; 
this  latter  depends  on  the  number  of  anophelines  that  have  bitten 
infected  persons.  The  former  could  be  calculated  if  we  could  estimate 
the  latter.  Ross  states:  — "In  a  village  in  which  there  are  1,250 
people,  750  infected  persons  and  3,000  anophelines,  the  malaria  rate  is 
0-6,  the  number  of  anophelines  to  each  person  is  24,  the  monthly 
infection  rate  per  cent  is  0-72.  That  is,  if  a  person  lives  in  the  village 
for  a  month  his  chances  of  becoming  infected  will  be  as  72  to  10,000," 
and  he  works  this  out  by  an  elaborate  mathematical  formula  which 
need  not  be  here  further  referred  to. 

When  a  place  is  very  malarious  at  particular  periods  of  the  year 
the  infection  rate  is  very  high  at  such  periods.  There  may  be  compara- 
tively little  malaria  at  other  seasons. 

Once  a  high  endemic  index  or  spleen  rate  is  established  in  a 
locality,  a  comparatively  small  malaria-bearing  anopheline  population 
IS  capable  of  maintaining  a  high  endemicity.  There  are  stations  in 
which  a  small  neglected  stream,  a  few  tanks  or  collections  of  water  keep 
up  the  anophelines  from  year  to  year. 

In  the  same  way  an  area  with  a  high  degree  of  endemicity  so 
long  as  cases  of  malarial  infection  remain  untreated,  continues  to  be 
endemically  malarial  for  some  time  after  the  breeding  grotmds  of  ano- 
phelines have  been  abolished,  probably  because  a  comparatively  few 
anophelines  immigrate  to  maintain  the  malaria,  or  possibly  "some 
unnoticed  source  of  anophelines,  such  as  a  disused  well,  remain^^  This 
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may  be  the  explanation  of  the  seeming  failures  of  some  anti-mosquito 
measures.  This  indicates  the  necessity  of  combining  both  anti- 
mosquito  and  anti-malarial  measures— removing  breeding  grounds  of 
anophelines  and  treating  all  cases  of  malaria  with  quinine  for  a  period 
of  three  months. 

Care  of  slides  and.  records.  - When  there  are  a  great  number 
of  slides  for  examination,  each  should  be  numbered  and  dated  at  one 
end,  and  the  note-book  carried  should  contain  all  the  other  particulars 
of  the  case,  each  case  having,  of  course,  the  number  corresponding  with 
that  of  the  slide.  Grease  or  wax  pencils  are  invaluable  for  quick  work 
in  marking  slides,  and  a  supply  of  these  pencils  should  be  at  hand. 

Sporo250ite  rate.  --The  sporozoite  rate  means  the  percentage 
of  malaria-bearing  anophelines  found  to  have  sporozoites  in  their 
salivary  glands  in  the  natural  state.  It  is  convenient  to  include  in  this 
anophelines  with  zygotes  in  the  midgut;  when  this  is  done  the  fact  of  their 
iaiclusiou  and  the  number  so  included  should  be  stated.  This  is  a  most 
laborious  undertaking,  but  the  results  give  very  solid  value  when  worked 
out.  With  a  staflf  of  trained  assistants  this  labour  may,  of  course,  be 
greatly  reduced,  but  when  working  alone,  the  task  is  a  heavy  one.  Con- 
sidering the  great  importance  of  the  sporozoite  rate  as  an  initial  step  to 
public  malarial  prophylaxis,  one  is  surprised  to  find  so  few  instances  in 
which  the  salivary  glands  of,  say,  several  thousands  of  anophelmes  have 
been  dissected  out  in  malarious  places,  and  the  results  of  the  finds 
recorded. 

Romanowsky  stain.— It  may  be  stated  that  when  making  a 
malarial  survey  of  a  district  as  regards  types  of  fever,  one  can  work 
much  more  rapidly  and  reliably  by  working  with  good  dried  specimens 
stained  in  Romanowsky  than  in  any  other  way.  The  Romanowsky  stam 
i«  unrivalled  for  the  demonstration  and  study  of  the  structure  of 
malarial  parasites.  For  mere  diagnostic  work,  which  may  be  considered 
comparatively  coarse  as  we  are  dealing  with  bodies  which  are  bacterio- 
losically  fairly  large  sized  and  definite,  any  of  the  ordinary  stains 
such  as  thionin,  toluedin,  eosin  and  methylene  blue,  etc.,  answer  very 
well  The  various  modifications  of  Romanowsky— Leishman's,  Giemsa  s, 
Louis  Jenner's,  etc.,  also  give  satisfactory  results,  whether  m  tabloids 
or  crystals.  The  modification  of  the  Romanowsky  stain  m  general  use 
in  India  is  Leishman's  (see  p.  91), 

Regarding  the  stained  blood  smears  we  should  ascertain  the 
number  of  films  showing  parasites  or  pigmented  leucocytes,  and  the 
percentage  value  of  each  species  of  the  plasmodium,  if  there  are  a 
sufficient  number  to  make  this  a  useful  record. 

Where  one  has  abundance  of  time  and  can  carry  out  the  examina- 
tion at  once,  it  is  always  preferable  to  make  an  examination  of  one  fresh 
and  one  stained  slide.    When  a  large  number  of  cases  have  to  be 
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investigated  iu  a  limited  time,  as  usually  happens  in  an  inquiry  into 
the  malarial  eudemicity  of  a  locality,  stained  slides  are  preferable  for 
many  reasons.  Fresh  films  should  be  examined  as  soon  as  possible, 
but  when  "  ringed  "  with  vaseline  they  will  keep  many  hours.  Usually 
a  few  minutes'  examination  suffices  for  diagnostic  purposes,  although  it 
may  take  half  an  hour  to  grasp  all  the  peculiarities  of  some  slides. 

The  specific  points  of  the  cases  to  be  ascertained  are  used  as  head- 
ings and  noted  at  once.  When  moving  about  in  districts  Leishman's 
stain  is  the  handiest  and,  most  readily  carried  out,  and,  when  working 
under  pressure  of  time,  highly  satisfactory. 

Parasite  rate — The  ijarasite  rate  is  the  proportion  of  persons  of 
all  ages  harbouring  malarial  parasites  in  the  blood.  It  is  useful  but 
necessarily  limited  to  small  numbers  of  people  in  a  town  or  district.  It 
is  most  useful  in  small  communities  or  small  bodies  of  men  such  as  troops 
in  garrisons,  prisoners  in  jails.  It  is  of  course  impracticable  on  a  very 
large  scale.  Hence  when  an  extensive  inquiry  is  undertaken  we  are 
obliged  to  go  by  averages  taken  from  a  limited  number  of  blood  exami- 
nations. 

Percentage  value  of  leucocytes. -The  chief  characteristio 
change  m  the  leucocytes  in  malarial  infection  is  an  increased  percentage 
of  large  mononuclears,  so  that  at  times  they  may  be  equal  to  the 
polymorphonuclears.  This  is  especially  during  the  apyrexial  period 
of  malarial  fevers,  when  there  is  a  leucopoenia.  "  If  from  any  cause 
a  leucocytosis  is  present  the  increase  of  large  mononuclears  may  not 
be  evident.  Anything  above  15  per  cent  of  mononuclears  is  valuable 
as  an  aid  to  diagnosis  in  the  absence  of  parasites.  When  large 
mononuclears  are  characteristically  present,  they  are  to  be  found  in 
every  field  and  some  of  them  may  be  pigmented.  When  scanty  a 
caretul  dififerential  count  over  several  slides  may  be  necessary. 

Relative  count  of  leucocytes  is  specially  useful  in  cases  where 
quinine  has  been  taken,  where  diagnosis  is  uncertain,  or  where  enteric 
lever  or  other  infective  fever  is  suspected. 

Spleen  index.— The  spleen  index  one  would  define  as  the  per- 
centage of  native  children  between  0  and  10  years  of  age  with  malarial 
enlargement  of  the  spleen.  It  should  not,  in  India  at  least,  be  limTted 
to  children  betwee^i  2  and  10,  as  one  has  ascertained  that  32  per  cent  of 
children  between  0  and  2  years  suffer  from  enlargement  of  the  spleen  in 
endemic  malarial  districts.  The  general  spleen  rate  is  the  percentacTe  "f 
the  entire  population  with  enlargement  of  the  spleen.  As  preLusWated 
a  real  and  scientific  estimate  of  the  actual  amount  of  malaria  in  aluTtrv 
would  involve  the  blood  examination  of  every  person  for  parasites  Thi^ 
rs  of  course  impossible.  The  next  best  method  of  SSg  exisS 
fTomTtolot  ^H^^^V^^dex,  that  is,  the  percentage  of  ch  dren 
from  0  to  10  years  of  age  harboming  parasites  in  their  blood.  Whenihe 
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figures  are  sufficiently  large  the  probable  error  here  is  small.  But  even 
this  is  impossible.  No  investigation,  however  comprehensive,  could 
undertake  the  examination  of  the  blood  of  all  children  in  a  district.  One 
would  here  advocate  for  general  adoption  the  use  of  the  spleen  census 
instead  of  the  endemic  index  and  parasite  rate,  as  a  means  of  giving 
us  a  rough  estimate  of  the  amount  of  malaria.  As  far  as  rural  malaria 
is  concerned,  the  village  headman  is  quite  capable  of  diagnosing  enlarge 
ment  of  the  spleen,  and  he  could  be  entrusted  with  keeping  up  for  each 
year  a  register  of  the  general  spleen  rate  (the  spleen  enlargements  in 
all  ages  of  his  village  community)  and  that  of  children  between  2  and 
10  years. 

It  is  conceivable  that  were  sufficiently  extensive  observations  on 
the  general  parasite  rate,  endemic  malarial  index,  general  spleen  rate, 
spleen  rate  of  children  made,  with  the  ratios  existing  between  these  in 
the  same  districts,  we  could  eventually  formulate  from  these  the  actual 
malarial  rate  from  the  spleen  rate.  These  original  observations  would 
necessarily  have  to  be  accurate  in  every  detail. 

The  spleen  test  is  a  valuable  aid  to  an  inquiry  when  the  age  and 
race  are  also  recorded.  In  general  terms  it  may  be  said  that  when 
cases  do  not  run  into  malarial  cachexia,  the  spleen  does  not  continue  to 
enlarge,  once  some  degree  of  immunity  is  established._  It  is  easy  to  carry 
ou  and  a  large  number  of  people  can  be  examined  in  a  short  space  of 
tTme  Ifwecan  exclude  kala-azar  in  the  locality  ^^der  inquiry  the 
snTeen  index  is  most  useful.  In  extensive  inquiries  which  have  to  be 
carried  out  ?n  a  short  space  of  time,  it  is  the  best  test  of  local  malar.a 
we  can  obtain.  Malarial  spleno-megaly  indicates  previous  not  recen 
infectTon  It  is,  of  course,  not  so  reliable  a  test  of  previous  infection  as 
if  finding  Haemosporidia,' as  t^yP-trophy  of  the  spleen  may  arise  f^^^^^ 
several  other  causes.    DANIELS  says        A  arge  Foportion  of  enlarged 

the  spleen  cases. 

TOPHERS  found : —  .  r  .  j  • 

m  In  the  early  ages,  one  and  two  years,  the  number  infected  is 
usually  in  excess  of  those  showing  splenic  enlargement; 

(2)  Above  two  years  the  spleen  rate  is  usually  somewhat  in  excess 

of  the  parasite  rate  ; 

(3)  Above  10  yeavs  tbe  .pleen  _rate  is  usually  considerably  in 

excess  of  the  parasite  rate.  *     


*  Practical  Study  of  Malaria,  3rd  Ed.,  p. 
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In  the  blood  examination  of  over  600  ohildren  recently  carried  out 
in  malarial  districts  the  above  corresponds  with  what  one  found. 

An  enlarged  spleen  does  not  necessarily  mean  present  malarial 
infection  — it  is  usually  the  result  of  an  antecedent  infection.  It  is  not 
often  that  malarial  parasites  are  found  with  a  chronically  enlarged 
spleen  in  the  absence  of  re-infection.  In  101  cases  of  enlarged  spleens 
met  with  on  the  hills  due  to  antecedent  infection  the  endemic  index 
was  about  10  per  cent. 

Wherever  it  can  be  carried  out  one  would  recommend  a  combined 
investigation  of  the  endemic  index,  spleen  index,  general  spleen  index 
and  general  parasite  rate.  Were  these  carried  out  in  sufficiently  large 
numbers  in  various  districts  and  their  relative  percentages  estimated, 
we  would  eventually  be  able  to  determine  the  actual  malarial  intensity 
of  a  locality  from  the  percentage  of  cases  of  enlarged  spleen  alone,  and 
enlargement  of  the  spleen  is  a  physical  condition  that  can  be  diagnosed 
easily. 

Age  of  individuals  examined. — Certain  precautions  are  neces- 
sary in  em-ploying  the  general  spleen  rate  to  indicate  the  endemicity 
of  malaria.  Enlargement  of  the  spleen  from  malarial  infection  usually 
disappears  when  the  patient  is  no  longer  under  malarial  infection.  In 
many  malarious  places  the  adult  population  is  but  little  affected  with 
splenic  enlargement.  In  localities  where  kala-azar,  or  other  causes  of 
splenomegaly  exists,  the  spleen  test  has  to  be  used  with  caution.  In 
regions  where  endemic  malaria  is  of  mediun  intensity,  or  ev^en  mild 
and  this  embraces  a  large  pare  of  the  malaria  in  India,  spleen  enlarge- 
ment is  met  with  in  the  adult  population  to  a  varying  extent. 

A  periodical  spleen  census  is  comparatively  readily  carried  out  by 
medical  subordinates  and  is  most  useful  where  the  more  correct  and 
reliable  method  of  blood  examination  is  impracticable.  The  spleen  rate 
determines  the  localities  that  are  mostly  affected,  it  gives  us  some  guide 
as  to  the  efllects  of  anti-malarial  measures,  and  it  marks  the  people, 
especially  children,  who  require  quinine  treatment.  ' 

Many  maladies  cause  splenic  enlargement,  but  in  India  we  need 
only  specially  concern  ourselves  with  kala-azar  or  the  condition  of 
splenomegaly  in  which  Leishmania-donovani  are  found  in  the  spleen 
liver,  or  blood,  or  in  all  three  of  these  situations.  Hence  in  most 
endemic  malarial  places  in  India  this  infection  would  have  to  be 
excluded  before  accepting  the  spleen  rate  as  an  estimate  of  the  amount 
of  malaria  in  a  locality. 

One  great  defect  of  the  general  spleen  test  is  that  a  fairly  large 
number  of  cases  of  present  malarial  infection  in  adults  do  not  show 
splenomegaly.  "  The  conditions  that  lead  to  splenic  enlargement  after 
malarial  ijifeotion  vary  and  are  not  thoroughly  understood  "  (Daniels;. 
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Another  advantage  of  the  spleen  index  is  that  it  is  not  afifected  by 
meteorological  changes  as  is  the  case  with  blood  examinations;  a 
sudden  lowering  of  the  atmospheric  temperature  or  a  shower  of  rain  may 
light  up  relapses  in  dormant  malarial  infections. 

As  above  stated  it  is  always  necessary  to  make  sure  that  kala-azar 
is  not  endemic  in  the  district.  The  few  cases  of  splenomegaly  arising 
from  leucocythemia,  Banti's  disease  and  other  causes  are  so  rare,  that 
they  may  be  neglected  in  estimating  general  statistics  of  the  malaria 
of  India.  Even  one  form  of  Banti's  disease  has  been  considered  to  be 
one  of  the  ultimate  effects  of  prolonged  malarial  infection.* 

The  endemic  index  shows  current  infection.  The  spleen  rate 
indicates  the  general  result  of  malarial  infection  during  the  malarial 
season;  enlargement  of  the  spleen,  when  untreated,  continues  for  the 
greater  part  of  the  year,  and  the  spleen  index  may  be  taken  at  any 
time.  During  the  non-malarious  season,  especially  in  the  late  summer 
and  before  the  monsoons  commence,  the  parasite  rate  m  children  in 
malarious  places  may  be  very  low,  but  the  spleen  _  index,  although  at 
this  time  at  its  lowest,  is  in  such  places  always  fairly  high.  In  cases 
of  splenomegaly  during  the  non-malarious  season,  the  parasite  rate  is 
as  a  rule  low!  parasites  being  then  usually  only  found  during  the  actual 
relapses. 

The  great  advantage  of  the  spleen  index  over  the  endemic  index 
is  the  fact  that  it  takes  only  a  few  seconds  to  examine  and  learn  the 
mrticulars  of  each  case,  whereas  blood  examination  takes  at  least 
a  few  minutes,  excluding  the  time  occupied  in  staining  which  may  be 
done  by  an  assistant.    In  Dehra  Dun,  in  the  village  of  Garhi,  one 
examined  264  children  for  spleen  enlargement  in  67  minutes  and  during 
th^me  noted  the  presence  or  absence  of  fever,  anemia  whether 
SD  eens  were  last  year's  or  not,  age  of  child,  existence  or  no  of  ma  anal 
cachTxia  and  often  the  exact  group  of  huts  in  which  the  children 
Uved     Tbe  method  adopted  was  to  have  all  the  children  arranged  m 
a  row    An  assistant  wrote  in  a  note-book  the  headiiig  as  regards  name 
irZwon   bazar  or  group  of  huts.    Then  the  children  as  they  passed 
It  W  ^^^^^^^  uppfr  pit  of  the  abdomen,  one  palpated  and  caHed 
out  the  age,  whether  there  was  enlargement  or  not.    Suppose  the  ch^ld 
were  six  years  old,  had  an  enlarged  soft  spleen  and  anaemia,  I  called 
oT-T-I  A:'  if  he  spleen  was  large,  hard  and  resistant,  I  called  out 
U  6-1  X   (cross)."    In  this  way  the  youthful  population  of  a  large 
village  can  dealt  with  expeditiously. 

.  ~^The  subject  of  kala-azar  is  referred  to  on  pp.  126-127.  . 
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in  which  observations  on  these  3,884  cases  of  splenomegaly  were  made, 
and  in  only  one  instance  was  the  enlargement  non-malarial.  It  is  not 
included.  It  was  in  a  healthy  looking  girl  of  7  years ;  the  cause  of 
the  enlargement  was  not  diagnosed. 

The  parasite  rate  in  250  unselected  cases  of  enlargement  of  the 
spleen  during  the  malarious  season  on  the  plains  was  only  24  per  cent; 
203  of  these  cases  had  suffered  from  recurrent  fever  during  the 
previous  two  or  three  months,  and  five  had  fever  when  the  observations 
was  made. 

The  spleen  index  rises  about  six  weeks  after  the  commencement 
of  the  rains ;  the  endemic  index  at  this  time  does  so  much  more 
rapidly. 

The  proportion  of  malignant  tertian  parasites  found  in  cases  of 
enlarged  spleen  in  children  is  considerably  higher  than  that  met  with 
in  adults  sufifering  from  malarial  fever  in  the  same  localities  ;  for 
example  the  benign  tertian  percentage  for  Native  Troops  was  88  and 
the  malignant  tertian  12,  as  compared  with  65  and  35  respectively  in 
all  children  up  to  10  years  of  age.  I  am  unable  to  explain  the  reason 
for  this  fact,  although  its  solution  is  of  some  importance  in  the  epi- 
demiology of  malaria. 

In  spleen  cases  of  children  there  is  a  higher  percentage  of  malig- 
nant infections  shown  (as  indicated  by  "  crescents  "  or  "  malicrnant 
tertian  rings")  than  in  non-spleen  cases.  Of  281  children with 
enlarged  spleens  malignant  parasites  were  found  in  19  or  about  7  per 
cent.,  and  benign  tertian  parasites  in  13  or  4-6  per  cent.  In  240 
children  without  enlargement  of  the  spleen  malignant  tertian  parasites 
were  found  in  18  or  7  5  per  cent,  and  benign  tertian  in  80  or  33-3  per 
cent.  Except  when  the  child  was  actually  suffering  from  a  paroxysm 
the  number  of  parasites  in  all  cases  in  the  individual  blood  films  (with 
or  without  enlargement  of  the  spleen)  was  small. 

The  parasite  rate  up  to  two  years  of  age  is  comparatively  hi^h  •  it 
ranged  from  22  to  68  per  cent,  in  different  plains  stations.  From  three 
to  five  years  of  age  it  was  19  to  37  and  from  five  to  ten  years  of  age  1 1 

In  places  where  there  is  a  constantly  high  endemic  index  the 
spleen  rate  IS  almost  as  true  a  test  of  the  measure  of  malaria  as  the 

loolnr  h  T'P*^  in  instances  where  a  previously  healthy 

locality  has  suddenly  become  malarious,  or  one  in  which  for  some 
reason  from  being  an  endemic  area  it  suddenly  becomes  an  epidermic 


n.dJL^irN^w'''??''®^'^^^"  results  it  is  necessary  that  the  spleen 
index  be  limited  to  the  same  age  as  the  endemic  index,  viz.,  0  to  10 
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years,  md  that  there  be  a  moderate  degree  of  uiiiformity  in  numbers 
in  tlie  distribution  of  the  age  groups  of  children. 

All  cases  of  enlarged  spleen  that  continue  from  one  year  to  the 
next  are  maintained  by  relapses  which  may  occur  at  all  times  of  the 
year,  or  by  re-infections  during  the  next  malarious  season ;  usually 
both'these  conditions  co-operate.  Over  97  per  cent,  of  malarial  enlarge- 
ments of  the  spleen  in  children  would  disappear  spontaneously  within  a 
year  (often  within  a  tew  months)  without  such  relapses  or  re-infections. 

In  the  normal  condition  without  re-infection,  all  moderate  degrees 
of  malarial  enlargement  of  the  spleen  disappear  spontaneously  in 
children  within  a  year,  and  this  occurs  in  children  who  have  lived 
in  malarious  places  and  suffered  from  such  enlargement  for  several 
consecutive  years.  This  conclusion  was  arrived  at  after  the  examination 
of  987  spleens  of  native  children  at  various  hill  stations  in  the  7th 
(Meerut)  Division.  These  children  are  usually  on  the  hills  for  a  year, 
seldom  two.  The  average  spleen  index  of  children  in  the  stations 
they  came  from  was  about  60  per  cent.  The  average  in  the  native 
children  on  hills  was  10  per  cent.,  that  is,  in  50  per  cent,  the  enlarge- 
ment of  the  spleen  had  disappeared  spontaneously  withm  the  preceding 
12  months. 

There  were  throughout  my  inquiry  only  three  exceptions  to  this, 
in  two  the  spleen  was  three  inches  below  the  left  costal  arch  and  in  the 
other  only  barely  palpable.  In  all  three  the  spleens  were  decidedly 
hard  and  probably  fibrosed. 

The  important  inference  from  this  is  that  in  plain  stations 
enlargement  of  the  spleen  is  maintained  by  re-infections  or  relapses,  or 
both  those  combined,  and  that  if  these  can  be  prevented  the  enlarge- 
ment will  disappear,  and  with  its  disappearance  probably  malarial 
parasites  will  vanish  from  the  blood. 

This  enlargement  in  children  shows  that  the  infection  is  con- 
tinuous and  repeated  from  one  year's  end  to  the  other. 

One  has  no  hesitation  in  expressing  the  view  that  the  spl««^ J^dej 
as  shown  in  native  children  from  0  to  10  years  ^  rehab  e  measure- 
ment of  the  amount  of  malaria  in  most  places  in  India  whether  it^b  a 
group  of  huts,  bazar,  cantonments,  or  m  a  town  so  long  as  the  numbers 
Ire  sufficient  to  exclude  a  high  degree  of  probable  error. 

breeding  places  of  anophehnes. 
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have  in  many  cases  been  to  the  hills  for  part  of  the  summer  or  autumn, 
or  both,  and  a  large  number  have  had  quinine  whenever  paroxysms  of 
malarial  fever  occurred.  European  children  are  better  fed,  housed,  and 
cared  for  generally.  Nevertheless  the  amount  of  malaria  in  European 
soldiers'  children  is  an  important  factor  in  the  malaria  of  cantonments. 
In  a  recent  investigation  one  found  that  over  32  per  cent,  of  these 
children  had  enlarged  spleens,  notwithstanding  that  over  35  per  cent, 
of  these  children  had  been  in  the  hills  during  part  of  the  summer. 

The  spleen  index  attains  its  maximum  value  as  an  index  of  malaria 
in  the  children  of  native  villages  who  get  quinine  neither  curatively 
nor  prophylactically,  and  notwithstanding  the  existence  of  medical 
officers,  hospitals  and  quinine  at  their  disposal,  tins  is,  with  few  excep- 
tions, the  condition  that  obtains  amongst  the  children  of  our  Native 
troops  and  followers,  and  the  children  of  followers  attached  to  Regiments 
of  European  Troops. 

The  degree  of  statistical  error  when  a  large  number  of  children  has 
been  examined  for  enlargement  of  the  spleen  is  not  great.  To  indicate 
the  limit  of  this  error  Professor  Ronald  Ross  employs  a  modification  of 
Poisson's  formula.  "  Let  N  be  the  total  number  of  children  in  a  locality, 
n  the  number  examined,  and  x  the  number  with  enlarged  spleens. 
Then  ~x  100  will  be  the  spleen  rate  among  the  a  children  examined. 
But  we  shall  have  no  right  to  infer  that  the  same  rate  will  hold  good 
for  all  the  iV  children  in  the  locality.  Let  e  per  cent,  denote  ;the  per- 
centage of  error.    Then  e  per  cent  =~   (2  x  jn-.v)    I  ]  _  «— I  jil 

when -n.  =  iv,  or  all  the  children  in  the  locality  are  examined,  th.e 
statistical  error  vanishes. 

For  example,  let  iV=^8tiO,  n  =  200,  and  a;=  100. 

Then  1-|=}  =  about  |,  and?-^^')  =  100.  Hence  e  per  cent.= 
5^/3  =  8-65  so  that  we  can  infer  that  the  spleen  rate  of  the  total  800 
children  is  between  50  +  8  65,  and  50-8-65  per  cent.;  that  is,  between 
58'65  per  cent,  and  45-35  per  cent," 

The  employment  of  the  general  spleen  rate  as  an  index  of  the 
endemicity  of  malaria  is  not  new  in  India  ;  and  long  before  Laveran's 
discovery  it  was  used  by  various  committees  for  this  purpose  The 
first  occasion  on  record  in  India  was  that  of  Colonel  Baker's  Committee 
in  1845. 

In  September  1845,  the  Government  appointed  a  Committee,  with 
Colonel  Baker  R.E.,  as  President,  and  Surgeon-Major  Dempster  and 
Lieutenant  Yule,  R.E.,  as  members,  to  report  on  the  causes  of  the 
unhealthiness  which  existed  at  Kurnaul  and  other  portions  of  the  country 
along  the  hne  of  tlie  Western  Jumna  Canal,  and  whether  any  injurious 
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effect  would  be  likely  to  be  produced  on  the  health  of  the  people  of  the 
Doab  by  the  then  contemplated  Ganges  Canal.    In  1847  the  Committee 
submitted  their  report.     The  endeavour  of  the  Committee  was  to 
ascertain  what  relation  existed  between  certain  physical  conditions  of 
different  districts  and  the  liability  of  the  inhabitants  to  malarial  fevers. 
At  the  beginning  of  their  inquiries  they  experienced  much  difficulty 
in  obtaining  reliable  testimony  on  the  latter  point.    In  this  difficulty 
Dr.  Dempster  suggested  that  the  condition  of  the  spleen  in  any  number 
of  individuals  would  be  a  fair  test  of  the  probable  frequency  and  degree 
to  which  they  had  suffered  from  malaria,  and  this  test  the  Committee 
adopted,  and  thus  was  established  the  test,  which  was  long  known  as 
"  Dempster's  test,"  and  it  has  been  used  in  many  subsequent  inquiries 
of  a  nature  similar  to  that  which  engaged  Colonel  Baker's  Committee.* 
Dr.  Dempster  wrote  : — "  I  have  no  wish  to  exaggerate  the  value  of  the 
spleen  test.    There  may  be  different  types  of  malaria,  giving  ri.se  to 
forms  of  different  types  and  having  different  complications  and  conse- 
quences, but  from  what  I  have  lately  witnessed,  I  am  fully  persuaded 
that  it  will  be  found  a  true  and  faithful  comparative  measure  of  marsh 
malaria  in  its  extended  sense,  and  with  that  canals  and  canal  irriga- 
tion have  any  proper  connection." 

I  have  dealt  with  the  subject  of  the  Spleen  Index  and  Spleen 
Rate  at  some  length,  as  one  is  firmly  of  opinion  that  one  or  other  of 
these  is  the  only  practicable  method  of  gauging  the  malaria  of  India 
on  a  large  scale,  and  also  because  one  is  convinced  that  it  fairly 
accurately  indicates  the  malarial  intensity  of  a  locality. 

Species  of  anophelines  present.— Species  of  anophelines  found  and 
those  most  prevalent  in  the  village,  town,  cantonment  or  district  are  to 
be  determined.  As  a  guide  to  this  determination  .Fames  and  LisTON  s 
Anopheles  of  India  and  Stephens  and  Christophers'  Practical 
Study  of  Malaria,  3rd  Edition,  are  reliable  guides.  When  any  species 
not  there  illustrated  or  described  is  discovered,  and  not  identified, 
it  should  be  carefully  collected  and  mounted  in  the  manner  stated 
on  p.  81. 

Search  for  adult  anophelines  in  huts,  houses,  out-houses,  stables,  etc., 
noting  the  species,  their  numbers,  whether  in  swarms  or  abundant,  or  few 
and  the  relative  number  of  each  species.  Estimate  the  numbers  caught 
in  a  given  time  each  day,  say  in  a  few  hours,  and  with  the  same 
worker  if  the  numbers  are  fairly  large,  in  a  week  a  fair  estimate  and 
average  relative  numbers  should  be  available. 

Some  species  are  more  frequently  found  in  houses  than  others] 
the  same  anopheline  may  be  more  prevalent  in  some  houses  than  it  is 

in  others.  

*  F.  N.  Macnamara,  Climaic  and  Medical  Topography  of  British  India,  p.  371. 
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The  larvae  of  the  species  found  should  be  bred  out,  and  it  should  be 
ascertained  if  they  can  become  infected  with  human  malarial  parasites. 
This  should  be  done  with  the  imagines  of  the  species  bred  from  eggs 
if  possible. 

Infected  anophelines  present.— In  carrying  out  an  inquiry  as  to 
the  prevalence  of  malarial  infection  in  anophelines,  it  is  necessary  to 
catch  a  considerable  number  of  adult  anophelines  from  the  villa<ye  or 
quarter  in,  and  adjacent  to,  where  the  spleen  index  or  spleen  census%nd 
endemic  index  or  parasite  rate,  were  determined.    We  should  di.ssect 
as  many  anophelines  as  possible,  noting  the  species  dissected,  and  in 
which  species  sporozoites  are  found,  if  in  any.    In  these  dissections  the 
fahvary  glands  of  anophelines  found  should  be  examined  for  sporozoites 
and  the  stomach  for  zygotes  and  sporoblasts.    "In  many  cases  the 
sporozoite  rate  is  exceedingly  low,  e.g.,  2  percent.,  although  anophelines 
are  abundant  and  the  malaria  index  is  not  low.  In  others  the  percentage 
may  reach  oO.     Specimens  of  each  species  should  be  kept  alive  ibr 
several  days  and  then  dissected  to  see  if  their  stomach  walls  Cmidsuts) 
contain  oocysts  of  plasmodia. 

Different  species  vary  with  the  readiness  they  become  malaria- 
carriers,  and  for  reasons  not  yet  determined,  the  same  species  varies  in 
this  respect  under  different  circumstances.  As  a  rule  anophelines  bred 
from  larvae  are  not  as  readily  infected  as  adults  caught  in  nature,  but  in 


the  case  of  adults  caught,  it  is  possible  they  may  have  been  previously 
mtected  I  he  conditions  known  to  influence  infectivity  are  the  atmos- 
pheric temperature,  age  of  the  anopheline,   whether  she  has  been 

TJZf    Tu'  Ti^°'^  consumed,  and  other  undetermined 

lactors.  Ihese  latter  require  thorough  investigation,  and  this  can  onlv 
be  carried  out  in  malarial  areas,  6        >  iib  can  onjy 

Number  of  anophelines  present. -The  number  of  anophelines 
present  in  endemic  malarial  areas  varies  very  considerably.    Ttfere  are 

Cr^^^f'Z"  ^"^""'^  P^"^^^  in  which  the  endemic  mairial  index  s 
from  60  to  70  per  cent.,  in  which  it  is  so  difficult  to  find  malaria-bearing 
anophehnes  that  even  expert  malariologists  may  not  succeed  in  captur 
iiLT!  r//'"^.'^"^'^^"       ^^'^'^•^d  in  which  it  L  extremely 

m  an  hour,  but  where  the  endemic  index  is  not  more  than  12  or  1^"* 
in        '^"''^u  ^%^«°^«'^bered  that  the  coincidence  of  a  marked  decrease 

^  Major  S.  P.  James,  I.M.S.,  Malarial  Fevers,  3rd  Ed.,  p.  48.   
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factor  of  equal  and  sometimes  perhaps  of  greater  importance  than  the 
prevalence  of  anophelines"-(S.  P.  James).  There  are  few  statements 
in  the  whole  literature  of  malarial  epidemiology  more  comprehensive 
and  more  lost  sight  of  than  this.  It  gives  an  explanation  to  a  vast 
amount  of  the  malaria  met  with  throughout  India. 

In  endemic  malarial  localities  the  constant  immigration  of  sus- 
ceptible persons  is  one  of  the  main  sources  whereby  the  disease  is  kept 
up.  When  such  importation  of  susceptible  persons  is  maintained  in  an 
endemic  malarial  area,  every  one  becomes  infected  in  a  short  time,  even 
when  the  number  of  anophelines  is  very  small,  assuming  that  there  are 
at  least  some  malaria-bearing  anophelines  present.* 

Where  there  are  crowds  of  malaria-carrying  anophelines,  there  are 
potentialities  for  the  dissemination  of  malarial  infection,  even  when 
those  present  are  found  by  dissection  to  be  free  from  sporozoites,  zygotes, 
and  sporoblasts.  All  that  such  a  place  to  be  rendered  highly  malarious 
requires  is  the  introduction  of  susceptible  people  and  cases  ot  malarial 
infection. 

The  explanation  of  the  large  and  rapid  increase  of  malarial  cases  in 
groups  of  men  working  on  railway  embankments,  irrigation  and  other 
canals,  road-making,  etc.,  is  that  anophelines  are  already  present,  cases 
of  malarial  infection  are  almost  certain  amongst  the  workmen,  and 
through  the  anophelines,  infection  is  rapidly  spread  The  new  excava- 
ions  created  as  work  progresses  rapidly  multiply  the  number  of  ano- 
nhelines  and  so  the  diffusion  of  malarial  levers  occurs  with  almost 
geometrical  progression.  In  this  way  areas  which  were  not  known  to 
be  o^ly  slightly  malarious  have  been  converted  into  virulent  malarious 

centres. 

Groups  of  workmen  unprotected  by  mosquito  nets  or  otherwise,  often 
three  parts  naked,  are  crowded  into  huts  giving  free  access  to  anophehnes. 
Amongst  the  work  people  are  those  carrying  malaria  sexual  forms 
reTdyir  anophelines  and  other  work  people  susceptible  to  ^ 
few  persons  who,  it  may  be,  have  recently  recovered  from  sub-tertian  evei 
and  have  nolymptoms:  will  harbour  crescents  and  infect  all  anophelines 
biting  them,  and  each  of  these  anophelines  is  capable  of  infecting 
at  least  a  few  persons  in  the  hut  or  adjoining  huts  Conditions  com- 
parable with  this  exist  throughout  the  rice-growing  districts  of  India, 
Assam  and  Burma. 

It  is  wrong  in  principle  to  assume  that  the  predominating  anophelines 
a  Vlace  o?  the  ones  most  easily  captured,  are  the  carriers  of  malaria 

n  a  localityT     sometimes  happens  that  these  are  not  ma lana-carriers 
at  all    Thl  will  frequently  be  found  to  be  the  case  with  Ps.  ro.sv 

during  investigations.  ^  

 V^^;^^^^:^^^^  and  Bentley,  The   Human  Factor  in  Malaria,  read  at  the 

Bombay  Medical  Congress,  February  1909. 
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It  is  probable  tbat  even  in  a. malarious  locality  only  about  25  per 
cent,  of  the  anophelines  are  likely  to  succeed  in  biting  human  beings; 
only  one-third  of  these  25  per  cent,  are  likely  to  survive  for  a  week  or 
more,  and  only  one-fourth  of  the  remainder  are  likely  to  succeed  in  biting 
a  second  person.  Hence  only  1  in  48  is  ever  likely  to  give  infection. 
(Ross.)  No  methods  as  yet  devised  can  give  us  even  approximately  the 
average  number  of  anophelines  in  a  place. 

Roughly  in  India  not  many  more  than  two  or  three  anophelines 
are  caught  in  each  inhabited  room.  One  has  at  times  futilely  spent 
houis  in  searching  for  a  single  anopheline,  where  there  were  many 
malarial  cases.  Those  found  are  often  those  who  have  fed  on  blood  and 
are  loaded  with  eggs.  Most  get  away  in  the  morning.  When  huts  or 
houses  are  close  to  marshes,  tanks  or  breeding  pools,  there  may  be  a 
few  hundreds  to  each  inhabitant.  In  highly  malarious  places  a  large 
percentage  of  the  adult  anophelines  captured  near  breeding  places  are 
infected  The  circumstances  under  which  such  captures  are  etiected  are 
very  exceptional,  and  cannot  be  relied  on  for  routine  work  as  sources  of 
infected  anophelines. 

We  should  obtain  or  prepare  a  map  of  the  district,  town,  cantonment, 
or  village,  on  a  large  scale,  and  on  it  locate  all  collections  of  water 
vdthin  half  a  mile  from  the  nearest  houses.  We  should  also  ascertain 
where  anophelines  are  breeding,  taking  labelled  bottles  or  test  tubes 
for  each  collection  of  water,  obtaining  ova  and  larvae  from  them, 
marking  each  bottle  with  a  letter  or  figure  having  a  corresponding 
mark  on  the  located  position  of  the  collection  of  water  on  the  map. 
We  may  attempt  to  identify  a  few  larvae  and  ova  of  each  species, 
provided  they  are  plentiful,  but  in  all  cases  we  should  leave  enough  to 
allow  adults  to  breed  out  and  mark  on  the  map  the  different  species,  and, 
if  possible,  the  relative  numbers  of  these.  The  distances  of  pools  from 
houses  should  be  accurately  shown. 

It  is  well  to  systematise  each  day's  work,  e  g.,  using  the  mornings 
in  capturing  winged  anophelines,  the  afternoons  in  identifying  and 
dissecting  them  to  ascertain  if  they  have  zygotes  in  the  stomach  wall 
or  sporozoites  in  the  salivavyglands.  This  is  the  most  laborious  part 
of  a  malarial  inquiry  and  the  part  that  occupies  the  most  time. 

Investigation  of  European  malaria.— As  in  the  cases  of  town  and 
village  inquiries,  a  map  should  be  made  of  the  houses  or  barracks 
occupied  by  the  persons  under  investigation,  the  breeding  places  of 
anophebnes  within  half  a  mile  marked  down,  and  the  positions  of 
all  native  quarters  entered,  the  map,  of  course,  being  drawn  to  scale 
and  the  distances  entered. 

The  blood  of  as  large  a  number  of  Europeans  as  possible  in  the 
ocahty  should  be  examined,  the  temperatures  taken,  ascertaining  also 
by  specific  luqmry  in  each  case  whether  quinine  is  bei no- taken  We 
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note  the  number  having  parasites,  crescents  or  spherical  gametes  ;  where 
no  parasites  are  found  the  presence  or  absence  of  a  relative  increase  of 
large  mononuclears  or  of  pigmented  leucocytes  should  be  noted.  In  all 
cases  it  is  desirable  to  make  differential  counts  of  leucocytes.  These 
points  can  all  be  ascertained  from  the  one  stained  slide  of  each  case.  Note 
whether  any  section  of  the  Europeans,  or  those  occupying  particular 
quarters,  have  a  larger  percentage  of  malarial  infection.  We  record  the 
condition  under  which  they  are  living — near  native  quarters,  breeding 
grounds  of  anophelines,  condition  of  houses  as  regards  protection  by 
wire-gauze  doors  and  windows,  use  of  mosquito-nets,  electric  fans  or 
punkahs,  etc.  We  should  specially  note  those  groups  of  Europeans  taking 
quinine  regularly  or  otherwise.  Any  relation  between  the  European 
malaria  and  nearness  to  native  huts  should  be  recorded. 

As  above  stated  the  map  should  show  the  European  houses  and  the 
position  of  all  native  huts  near  them.  We  enquire  specially  into  the 
state  of  malaria  in  these  huts  by  blood  examination,  presence  of  adult 
anophelines,  and  breeding  grounds.  This  latter  part  of  inquiry  should 
embrace  the  percentage  of  infected  children  in  each  group  of  huts, 
degree  of  malarial  infection  in  adults,  number  of  anophelines  present — 
roughly,  abundant,  scarce,  or  cannot  be  found,  and  in  the  last-named 
case,  test  pools  should  be  made. 

Ascertain  the  species  of  anophelines  present,  and  their  relative 
numbers ;  the  spovozoite  rate  for  each  species ;  map  of  all  breeding 
places,  noting  what  kiuds  of  larvje  are  found  in  each.  "  Capture  as  many 
anophelines  as  possible  in  European  houses  or  barracks,  especially  in  the 
early  morning  ;  look  in  mosquito  nets  ;  determine  their  species,  sporo- 
zoite  rate,  and  whence  derived."* 

Investigations  into  the  malaria  of  a  locality  to  be  accurate  and 
reliable  should  be  continued  in  the  place  throughout  the  entire  year 
beginning,  say,  in  August  or  September.  During  the  year  we  make  a 
record  of  seasoned  variations  in  the  endemic  index  (children  under  10 
years) ;  seasonal  alterations  in  number  of  anophelines  present  at  all 
times  during  the  year ;  distance  of  flight  of  anophelines  from  their 
breeding  grounds  ;  sporozoite  rate  in  anophelines  at  different  periods 
of  the  year. 

There  are  places  where  malaria-carrying  anophelines  exist  in  large 
numbers  without  severe  malaria  occurring  side  by  side  with  other  places 
where  both  severe  malaria  and  anophelines  exist.  This  has  been  defi- 
nitely shown  in  the  work  carried  out  by  experts  in  this  country,  and 
without  entering  into  the  details  of  the  special  instances  in  which  it 
has  been  met  with,  it  is  here  stated  as  a  fact  which  still  remains  unex- 
plained. 

»  Stkpuens  ano  Chkistoi'HEUS,  Practical  Study  of  Malaria.  3rd  Ed.,  p.  215  - 
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Having  made  a  series  of  observations  regarding  malarial  fevers 
located  in  special  malarial  centres,  the  particular  breeding  pools  of 
malaria-carrying  anophelines,  and  ascertained  the  huts  or  h-ouses  they 
favour,  it  might  be  thought  that  we  should  be  in  a  position  to  explain 
scentifically  and  satisfactorily  why  malaria  prevails  in  some  places  and 
not  in  others.  We  are  obliged  to  confess  that  this  is  by  no  means 
always  the  case.  There  is  still  much  about  the  habits  of  mosquitoes 
and  regarding  the  epidemiology  of  malaria  we  do  not  understand. 

Whilst  the  subject  of  anophelines  is  of  vast  importance  in  the 
study  of  malaria,  it  will  be  seen  that  there  are  other  important  factors 
which  determine  the  prevalence  of  malaria  in  a  locality,  and  it  is 
necessary  that  we  should  be  able  to  give  the  exact  relative  values  of 
these  factors  in  an  investigation.  Unfortunately  our  limited  knowledge 
of  these  factors  at  present  does  not  permit  of  the  estimation  of  these 
relative  values. 

A  diary  of  the  work  carried  out  should  be  kept  up,  and  nothing 
should  interfere  with  its  being  written  up  every  evening.  The  more 
detailed  it  is,  the  more  useful  will  it  be  when  finally  preparing  the 
reports  on  the  malaria  of  the  places  investigated. 


PART  III.— METHODS  OF  PROPHYLAXIS  OF 
MALARIA  IN  INDIA. 


Principles  of  general  prophylaxis  of  malaria.— The  principles 
underlying  the  general  prophylaxis  of  malaria  are — 

1.  That  malaria  fevers  are  due  to  a  species  of  protozoon  which 
invades  the  blood  of  man. 

2.  That  this  protozoon  reaches  the  blood  of  man  through  some 
species  of  mosquitoes  of  the  sub- family  Anophelina. 

3.  That  in  these  mosquitoes  the  malarial  parasite  carries  out  the 
sexual  part  of  its  life-history,  undergoes  developmental  changes  which 
are  usually  complete  in  from  6  to  10  days,  at  the  end  of  which  time 
they  reach  the  salivary  glands  of  the  mosquito,  whence  they  are  dis- 
charged once  more  into  the  blood  of  man. 

4.  These  malaria-carrying  mosquitoes  breed  chiefly  in  terrestrial 
waters  in  tropical  and  sub-tropical  regions.   (Ronald  Ross.) 

About  the  foregoing  statements  there  is  now  not  the  smallest 
shadow  doubt.  They  are  scientifically  established  data.  In  the 
preceding  pages  are  to  be  found  an  overwhelming  mass  of  evidence 
which  bears  them  out. 

In  the  present  state  of  our  knowledge  it  is  reasonable  to  make  three 
propositions  : — 

1 .  Were  all  mosquitoes  exterminated,  malaria  would  cease ; 

2.  Were  all  persons  protected  against  the  bites  of  mosquitoes, 

no  malarial  infection  could  arise  ; 

3.  Were  all  existing  cases  of  malarial  infection  cured,  then  mala- 

rial disease  would  be  exterminated. 

It  is  just  possible  that  there  is  a  gap  in  our  knowledge,  but  for  the 
practical  anti-malarial  sanitarian  such  a  possible  hiatus  has  to  be 
ignored. 

As  corollaries  to  these  three  propositions  we  have  the  following :  

(1)  If  mosquitoes  can  be  diminished  or  prevented  from  attacking 

man,  the  chances  of  dissemination  of  malaria  are  reduced 

(2)  If  cases  of  malarial  infection  are  lessened  in  number,  the 

chances  of  communicating  the  disease  from  man  to  man  by 
anophelines  are  reduced. 
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Table  of  methods  of  prophylaxis.  -  -The  present  day  methods  of 
prophylaxis  of  malaria  are  based  on  a  consideration  of  the  points 
already  dealt  with,  and  may  be  conveniently  included  under  the  follow- 
ing headings : — 

A.  Quinine  in.  Malaria. 

(a)  The  eradication  of  malaria  from  the  entire  population  by 
quinine. 

(6)  Quinine  prophylaxis. 

B.  Segregation  of  the  healthy. 

C.  Isolation  of  infected  persons. 

D.  Protection  against  adult  mosquitoes  by — 
(a)  Mosquito- proof  houses. 

(fa)  Personal  protection  by — 
(i)  Mosquito  nets. 
{ii)  Punkahs  and  electric  fans. 
(Hi)  Mosquito-proof  clothes. 
(iv)  Culicides. 
(v)  Culicifages. 

E.  Destruction  of  larvre  and  removal  of  breeding  places  of  larvae. 

Drainage ;  — 

Regulation  of  surface  waters. 

Cultivation  and  arboriculture  as  anti-mosquito  measures. 
Removal  of  breeding  grounds  of  mosquitoes. 

Larvicides. 

F.  Prophylaxis  in  towns. 

G.  Do.  villages. 

H.  Do.  schools. 

Do.        military  cantonments. 
J.    Anti-malarial  measures  in  jails  and  asylums. 
K.    Anti-malarial  measures  for  gangs  of  labourers. 
L.    Prophylaxis  in  houses. 
M.  Do.        the  individual, 

N.    Anti-malarial  Legislation. 

0.    Education  of  the  public  in  anti-malarial  measures. 
Causes  and  prevention  of  malaria. 
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P.    Application  of  tlie  principles  of  mosquito  reduction  to  dis- 
tricts, towns,  and  military  cantonments. 

Q.    Organisation  of  the  workmen  of  mosquito  brigades  in  gangs. 

R.    Expenditure  on,  and  limitations  of,  anti-malarial  measures. 

A.— Quinine  in  Malaria. 

A  brief  account  of  the  introduction  of  cinchona  bark  into  European 
therapeutics  is  given  in  the  hUtory  of  malaria  (pp.  1—3).  The  alkaloid 
quinina*  was  first  extracted  from  the  Peruvian  bark  by  Caventou  and 
Plllitiek  in  1820,  and  it  was  first  used  in  this  country  about  the  year 
1845. 

Quinine  should  be  up  to  the  standard  laid  down  in  the  British 
Fhmnnncopoeia.-lt  is  important  that  the  salts  of  quinine,  whether 
nsed  ciu-atiyely  or  prophylactically  in  malaria,  should  be  up  to  the 
standard  laid  down  in  the  British  Phannacopceia  in  the  alkaloid 
quimna,  and  not  lose  more  weight  on  evaporation  at  212°  F  than  is 
allowed  in  that  book.   Sulphate  of  quinine  should  contain  73-5  per  cent 

to  212 'f.'  ""^'^         ^^"^  P"'  ''''^^^  on  heating 

On,-  9"^^.^^e  the  universally  accepted  specific  against  malaria  — 

Quinine  is  the  universally  accepted  curative  and  proXSc  dmo- 

tor;lTfi'Tr'/'""  '  "^^^^     ^'^^^  ^^^^^  P^^-P--  nearet^^^a^^^^^^^^^^^^ 
mak  rb!l  1''  we  possess.    It  has  a  decided  and  distinct  influence  on 
malana  by  killing  the  germs  of  the  disease  already  in  the  blood 

to  produce  the  maxiim  in  eLefc  i^he^'r^^       ^'"^  "^.^'^^"^ 
by  the  mouth.     Quinin^  in  so  „  nn1  ^  the  solution 

absorbed  and  WoLturit^ff  T^^^^^^^  being  quickly 

except  by  intravenous  inip.n!  T  u  ^'^^^  ^^^'^  ^"3^  other  way 
attacks  ir  persi^  en  \X  T'iut'r  ""'^'r-^orted  to  in  pernicious 
administration.    Until  recentiv  H  '^'\'^'''^  '^^t^ods  of 

.iails,  this  was  the  mam^^^^^^^^^  ^dian  Army  and  in 

curatively.    The  use  of  tablet    n  "'^^        Prophyiactically  and 

place  of'^the  mixtu  e  '  ttxHnarn'"'- '"''^  ^'^'^^^^  the 
_^  _____nie^Kiinar^  quinine  mixture  consists  of  five 

that  alkl^r  ""^-'^  ^^'--wise  ^1^^^^^^:?;^;^^^^ 

20" 
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grains  of  tlie  bisulphate  (dissolved  in  dilute  salpluiric  acid)  to  an  ounce 
of  water  When  10  or  15  grains  are  to  be  given,  2  or  3  ounce  doses  ot 
this  mixture  are  administered— this  is  preferable  to  giving  the  larger 
doses  in  an  ounce  of  water. 

Many  medical  men  in  India  now  prefer  the  hydrochloride  or  the 
hihvdrochloride  of  quinine  to  the  sulphate.    The  bihydrochloride 
contains  81  per  cent  of  the  alkaloid,  while  the  sulphate  only  contains 
73  5  per  cent;  it  is  also  said  to  be  more  stable,  and  to  reach  the  blood 
more  rapidly.    In  whatever  form  quinine  is  used,  it  is  better  to  adhere 
to  a  uniform  method  of  administration,  both  curatively  and  prophylacti- 
cally     Quinine  is  siven  in  the  form  of  powder  by  the  mouth  with  the 
obiect  of  escaping  the  bitterness  of  the  mixture.    Ordinarily  in  powder 
the  sulphate  is  taken  in  wafer  paper  or  suspended  in  milk  or  washed 
down  with  some  water,  tea,  etc.  In  this  form  it  is  inferior  to  the  solution 
by  about  20  per  cent.,  hence  a  larger  dose  has  to  be  given  to  produce 
a  corresponding  effect.    It  is  suited  to  those  who  have  great  repugnance 
to  the  bitterness  of  the  solution. 

Euquinine.— This  is  the  ethyl  carbonate  of  quinine  and  is  now 
being  used  to  a  small  extent  instead  of  quinine  ;  it  is  taken  in  the 
form  of  powder  ;  if  dissolved  the  bitterness  of  the  qmmne  returns  As 
it  is  weaker  in  the  alkaloid  quinine,  it  has  to  be  given  m  doses  1^  times 
as  large  as  the  bisulphate.  Euquinine  is  just  as  efficient  as  quinine  in 
malarial  fever,  and  causes  malarial  parasites  to  disappear  from  the  blood 
in  the  same  way.  Its  tastelessness  renders  it  useful  in  children.  Much 
nas  been  written  about  the  possibility  of  euquinine  displacing  quinine 
in  the  treatment  and  prevention  of  malaria.  As  far  as  is  conce^^^^^^^ 
on  a  large  scale  in  India,  this  is  only  a  very  ^^.P^f  ^^^l^^^^^ 

The  drug  is  eight  times  more  expensive  than  quinine,  and  the  quantity 
imported  and  the  demands  for  it  are  comparatively  small. 

The  bitter  taste  and  occasional  irritant  action  of  quiBine  solution  on 
the  stomach  has  led  to  the  use  of  the  drug  m  pills,  and  tabloids  or 
table  s  It  is  necessary  to  state  however  that  these  are  never  so  reliable 
Tthl  solution  chiefly  because  of  their  partial  msolubibty  m  the 
digestive  j^ces:  Tablets  or  tabloids  are  better  than  piUs.  unless  the 
latter  are  quite  fresh. 

In  practically  all  cases  full  cinchonisation  by  q^i^^^^^^^./^i^^^^aY- 
ringingin  the  ears  with  some  deafness,  and  m  a  few  '^'I'f'^^l^f^^^^^ 
ZT\oiu.l  dangerous  symptoms  of  q--- P— mi  g  T^l^l 
with.    One  has  on  only  four  occasions  with  ah^uni^^     y  P 

from  large  doses.  All  four  had  taken  restlessness. 
ThP  crpneral  effects  were— trembling,  palloi,  agitation,  '  ' 
Lriefy  profuse  sweating,  palpitation,  weak  and  iVeqnent  pul.e  ,  ,n  one 
there  was  temporary  collapse. 

Intravenous  andintramuscnlarirge^^^^^^^^^^ 
of  quinine,  whether  intramusculai,  intravenous  oi  yi 
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always  be  carried  out  with  the  strictest  possible  antiseptic  precautions. 
The  skin  should  be  washed  with  soap  and  water,  alcohol,  and  subse- 
quently with  corrosive  sublimate  solution.  It  is  preferable  to  use  an  all- 
glass  syringe,  with  a  gold  or  platinum  needle.  Before  use  the  syringe 
should  be  thoroughly  boiled  and  the  needle  heated  to  a  red  heat. 

The  solution  itself  should  be  sterilized  by  boiling,  and  when 
practicable,  made  up  fresh  each  time  it  is  used.  In  hospitals  where 
several  such  injections  may  have  to  be  given  to  patients,  a  stock  solu- 
tion may  be  kept  on  hand,  or  preferably  single  doses  kept  in  small 
sealed  glass  tubes,  7^  grains  in  each  dose. 

For  a  stock  solution  one  would  recommend  — 

Bihydrochloride  of  quinine — 75  grains. 
Sterilised  distilled  water — 1  5U  minims. 
Fifteen  minims  of  this  contains  7^  grains. 

These  injections,  and  those  of  the  bihydrobromate,  are  almost  pain- 
less. Children  tolerate  the  intramuscular  injection  of  quinine  quite 
as  well  as  adults;  one  has  no  personal  experience  of  intravenous  injections 
of  quinine  in  children. 

iSome  difference  of  opinion  exists  as  to  the  utility  of  this  method 
of  employing  quinine.  One  has  met  medical  officers  who  use  it  in 
almost  every  case,  even  in  the  juore  innocent  forms  of  malarial  infection 
and  that  with  marked  success,  whilst  many  never  use  quinine  in  this 
way.  Personally  one  considers  that  the  intramuscular  injection  of 
quinine  should  be  reserved  for  severe  cases  of  malignant  tertian,  per- 
nicious attacks,  really  intractable  cases  of  the  more  innocent  forms  of 
malaria,  and  persistent  relapses. 

In  this  country  where  tetanus  bacilli  occur  in  the  dust  of  every 
room,  on  every  floor,  and  in  the  surface  earth  almost  everywhere,  the 
possibility  of  an  accidental  infection  through  either  the  solution  or'  the 
hypodermic  syringe,  is  a  fact  to  be  kept  constantly  in  mind. 

The  quickest  cinchonisation  of  the  blood  is  effected  by  intravenous 
injection,  and  when  a  decided  eflect  is  imperatively  necessary  for  the 
safety  of  the  patient  in  an  overwhelming  malarial  infection,  this  is  the 
best  method  of  administerincr  in 

Quinine  should  never  be  used  hypodermically. 

Dosag.-Wheu  administered  fur  the  cure  of  malarial  infection, 
(;hildreu  under  1  year  may  get  from  f  to  ]i  grains  twice  a  day;  those 
from  1  to  Syears,  1  to  3  grains  twice  a  day  ;  5  to  10  years,  5  grains 
twice  a  day ;  1  0  to  15  years,  10  grains  twice  a  day  ;  after  1  5  years,  adult 
dose;  adult  dose,  5  to  20  grains  twice  a  day.'  In  heavy  infections 
theatening  to  overwhelm  the  system,  50  per  cent,  more  than  the  quan- 
tities nam  d  may  be  given.  Prop/t2/iucWi2/,  the  dose  is  the  same, 
admmisteed  in  one  of  the  several  ways  detailed  on  pp.  163,  164 
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Action  of  quinine  on  malarial  parasites.— Quinine  destroys  the 
parasites  in  the  circulation  Tlie  other  physiological  efifects  of  the  drug 
on  the  human  economy  are  quite  insignificant  in  malarial  fevers  com- 
pared with  this  main  action.  That  it  has  little  if  any  effect  on  the 
circulating  white  corpuscles  is  shown  by  the  fact  that  large  mononuclear 
cells  are  found  at  certain  stages  of  malarial  fever  containing  melanin, 
and  they  may  hi  seen  on  fresh  slide  preparations  in  the  act  of  engulfing 
melanin  in  cases  that  are  taking  full  doses  of  quinine. 

It  is  stated  by  most  authorities  that  quinine  has  no  toxic  efJect 
on  spherical  gametes  and  crescents.  This,  one  takes  the  liberty  of 
stating,  is  not  quite  correct.  Quinine  leads  to  a  rapid  reduction  of 
spherical  gametes  of  both  benign  tertian  and  quartan,  but  to  a  slower 
diminution  of  crescents,  especially  of  crescents  after  relapses  of  malig- 
nant tertian  fever.  One  emphasises  this,  as  it  appears  to  be  largely  a 
traditional  statement  in  medical  literature  that  quinine  has  no  effect  on 
gametes. 

One  has  made  an  extended  series  of  observations  on  the  effects 
of  quinine  on   malarial  parasites,  including  gametes,  and  in  con- 
nection with  the  latter  one  will  only  refer  to  a  few  cases  to  show  that 
quinine  has  a  decidedly  toxic  effect  on  them.    On  the  8th  July  1909, 
a  Garhwali,  cet.  22  years,  anaemic,  with  a  spleen  two  inches  below  the 
left  costal  arch,  came  under  observation  for  the  first  time  at  10-HO  A.M. 
He  had  been  having  fever  for  1 2  days  ;  the  blood  was  examined  and 
found  to  contain  enormous  numbers  of  benign  tertian  parasites.  In 
ten  minutes' time  swarms  of  microgametes  were  flagellating;  in  one 
field  (-1-  Obj.,  No.  4  eyepiece)  9  were  counted,  and  in  25  minutes 
swarm^of  free  flagellpe  were  moving  about  on  the  slide.    The  per- 
centage of  red  cells  infected  was  5  5,  of  which  (approximately)  2-o 
were  gametes.    There  were  27  per  cent,  of  large  mononuclear  cells,  of 
which  3  per  cent,  contained  melanin.    One  ten  grain  dose  of  quinine 
was  given  at  once  and  repeated  at  4  P.M.,  a  third  ten  gram  dose  was 
given  at  9  A.M.  on  the  9th,  when  the  blood  was  again  examined,  the 
temperature  being  normal.    Not  a  single  parasite  could  be  found  in 
seven  stained  slides  examined,  nor  in  four  thick  film  preparations  ;  tiie 
onlv  discernible  indication  of  malarial  infection  was  a  continued  large 
mononuclear  increase,  none  of  these  cells  now  containing  pigmenl. 
The  blood  was  examined  every  12  hours  subsequently  for  hve  days 
W'ith  negative  results. 

On  the  26th  June  1909  two  Gurkha  lads,  brothers,  aged  about  17 
and  18  years,  were  admitted  with  malignant  tertian  fever.  In  both 
Hverv  field  of  the  examined  blood  contained  malignant  tertian  "rings, 
the  percentage  of  infected  red  cells  in  one  was  2-8  and  in  the  other 
2-1  In  all  these  cases  a  count  of  1,000  red  cells  was  made.  In  the 
former  one  counted  25  crescents  on  an  average  in  lour  slides,  and  in 
the  latter  H.  In  the  younger  boy  the  spleen  was  considerably 
enlarged  and  he  .as  pale.    Each  got  30  grains  of  quinine  m  solution  on 
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the  26th.  On  the  morning  of  the  28th  there  were  no  "  rings,"  and  it 
was  difficult  to  find  any  crescents  in  the  blood  of  the  elder  boy  and 
only  two  to  the  slide  in  the  younger.  Five  slides  in  each  were  examined. 

On  the  29th  September  1906  a  Gurkha,  cct.  25  years,  returned 
from  Assam  (where  he  went  on  furlough)  with  an  enlarged  spleen, 
antemia,  and  regular  paroxysms  of  quartan  fever.  The  blood  contained 
numerous  quartan  parasites  (0-4  per  cent,  of  the  red  cells  were  infected) 
and  about  8  spherical  gametes  were  found  on  every  slide.  Thirty  grains 
of  quinine  were  given  on  the  29th.  On  the  .30th  examination  of 
7  stained  smears  of  blood  was  quite  negative,  and  continued  to  be  so  for 
twelve  days  after  which  the  man  left  the  hospital  to  attend  daily 
for  quinine. 

In  the  blood  "  the  spores  are  the  most  sensitive  (tc  the  action  of 
quinine);  then  come  the  large  organisms  that  have  completely  replaced 
the  blood  corpuscles,  and  finally  the  endoglobular  young  forms,  for  which 
the  blood  coriDuscle  acts  as  a  protecting  mantle.  GoLGi  found  the 
endoglobular  young  forms  of  the  tertian  parasite  very  sensitive,  and  he 
produces  that  the  hypertrophy  of  the  blood  corpuscle  produces  a  relaxa- 
tion of  the  structure  which  permits  the  quiniue  to  pass  through  it." 
(Mannaberg.) 

Quinine  causes  a  degeneration  of  the  parasite  which  is  especi- 
ally marked  in  the  younger  form  and  is  most  marked  at  the  time  of 
segmentation. 

Quinine  acts  upon  the  malarial  parasite  in  that  phase  of  the  life- 
cycle  in  which  they  are  nourished  and  developed.  When  the  nutritive 
activities  cease  by  an  arrest  of  the  transformation  of  hoBmoglobin  into 
melanin,  and  the  reproductive  phase  begins,  quinine  is  inefficient  in  its 
action.  Quinine  is  specially  active  from  the  time  of  segmentation 
until  pigmentation  commences  within  the  red  cell. 

It  will  be  found  that  under  the  action  of  quinine  there  is  a  loss  of 
amcEboid  activity  in  the  parasites  in  the  blood,  and  a  granular  deoene- 
ration  of  the  intracorpuscular  forms ;  the  intensity  of  the  stainino-  is 
lessened  and  this  is  specially  the  case  with  regard  to  the  chromatin 
which  does  not  occur  in  blocks  or  clumps,  but  as  small  dots  or  nranules 
irregularly  scattered,  the  blue  margins  of  tlie  parasites  are  more  defined 
and  are  seen  as  little  lumps  or  knots  at  the  circumference  of  the  para' 
site,  while  the  pigment  occurs  as  fine  dots.  "  The  red  cell  containino- 
the  parasite  may  appear  to  shrink  as  well  as  the  parasite  M'ilhin  it" 
A  special  effect  of  quiniue  observable  in  stained  preparations  of  the  riiiL^ 
forms  of  all  malarial  parasites  is  that  the  white  vesicular  part  of  the 
nucleolus  stains  blue. 

_  Such  changes  are  best  seen  in  simple  tertian  and  quartan  under 
quinine  but  they  are  also  seen  in  malignant  tertian.    "  I„  malio  an 
ertian  the  young  amoeboid  forms  appear  greatly  shrunken,  11  S  p  Z 
plasm  more  or  less  granular,  and  amoeboid  motion  is  los  ."    0,  "  as 
personally  followed  these  changes  in  the  parasite  under  the  iiiHue  ce  of 
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quinine  by  hourly  examination  of  the  blood  in  stained  and  fresh  pre- 
parations.  They  may  be  followed  by  any  observer  in  every  case  of  simple 
tertian  of  any  severity  where  quinine  is  given  comparatively  early 
after  tlie  beginning  of  the  attack. 

Tlie  amosbuke  thrown  into  the  blood  plasma  during  sporulation 
are  highly  susceptible  to  the  lethal  effects  of  quinine,  the  intracorpus- 
cular  forms  much  less  so.  A  single  large  dose  of  quinine,  given  just  before 
a  paroxysm  of  either  simple  tertian  or  quartan  is  expected,  will  destroy 
most  of  the  young  brood,  without  modifying  the  succeeding  attack  of 
fever.  The  probability  is  that  if  it  has  been  given  at  the  right  time  in 
sufficient  quantity,  there  will  be  no  new  paroxysm,  or  only  a  very 
modified  one  of  much  less  intensity.  Nevertheless  it  is  strongly  recom- 
mended that  the  patient  should  continue  the  drug  for  at  least  three 
months  even  if  he  migrates  to  a  non-malarial  place,  and  that  if  he 
continues  in  the  malarial  place  during  the  malarious  season,  he  should 
take  it  for  four  months. 

The  object  of  giving  quinine  is  to  kill  the  parasites  ;  to  effect  this 
it  has  to  be  in  a  certain  degree  of  concentration  in  the  blood.  No 
matter  how  administered  the  greatest  part  of  the  dose  of  quinine 
does  not  reach  the  blood  for  a  few  hours  after  its  administration  ;  and 
as  its  slow  excretion  from  the  blood  begins  at  the  same  time  that  it 
reaches  that  fluid,  when  decided  effects  are  required  (as  m  pernicious 
attacks)  the  fullest  possible  doses  are  to  be  given.  Ihese  remarks 
emphasise  the  uselessness  of  small  doses  when  a  pronounced  effect  is 
demanded,  unless  these  are  repeated  sufficiently  often.  Investigations 
have  shown  that  when  quinine  bihydrochloride  is  given  in  solution  by 
the  mouth,  its  excretion  commences  in  from  ten  to  fifteen  minutes. 
The  excretion  reaches  its  highest  point  in  about  12  hours,  after  which 
up  to  48  hours,  traces  of  it  only  are  found  in  the  urine  In  the  case^  of 
sulphate  of  quinine  solution  the  excretion  begins  m  45  minutes  and  is 
comiDleted  in  60  hours. 

The  malignant  tertian  parasite  is  somewhat  more  resistant  to  the 
action  of  quinine,  and  the  intracorpuscular  forms  are  not  effected  to  the 
^ame  exle'nt  as  in  benign  tertian  and  quartan.    The  1™;P  ^Te 
treatment  in  malignant  tertian  is  to  pour  as  much  °f  / 
system  as  practical.>le  without  injury  to  the  patient. _  11  ^">'thing  into 
fe  -es  with  giving  the  drug  in  the  ordinary  way  we  introduce  a  solution 
of  thr  bihvdroc'hloride  intramuscularly   or  intravenously,    trom  5  to 
io  oTaii  s  a^e  dissolved  in  20  minims  of  warm  sterilized  water  and  in- 
Ictld  ever^ix  hours  until  a  decided  iinpression  is  made  on  the  pyrexia 
jectecl  e^ery  .i  ^         ^^^^  repeated 

&^sic^^- a^ri^ar:^  interval.    In  u^ng  the  drug  in  this  way 
risTecess^-v  to  observe  the  strictest  antiseptic  precautions  as  regards 
.  sk  1   inst^um^'t  employed,  and  the  solutiom    The  needle  is  put  to 

its  whole  depth  into  the  gluteal  region  or  deltoid  muscle. 

Under  no  circumstance  is  it  necessary  to  give  more  than  3o  grains 

intramuscularly,  or  45  grains  by  the  mouth,  m  the  day. 
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If  given  by  tlie  rectum  then  two  25-grain  doses  of  the  bihydro- 
chloride  may  be  given. 

In  malignant  tertian  fever  of  mild  type  the  time  of  administering 
quinine  may  be  determined  by  blood  examination.  'J'he  occurrence  of  a 
large  number  of  parasites  in  association  with  concentrated  pigment 
indicates  that  a  paroxysm  is  about  to  occur.  The  drug  should  be  given 
at  this  time. 

If  quinine  is  to  do  good  it  most  frequently  does  so  in  a  few  days. 
To  keep  pouring  into  the  system  30  grains  a  day  for  weeks  when  it  is 
doing  no  good  is  decidedly  wrong.  Yet  this  is  fVequeutly  done.  It  should 
never  be  given  for  more  than  5  days  unless  we  know  definitely  that  it 
is  malarial  infection  and  malarial  parasites  are  still  found  in  the  blood. 
Cases  in  which  quinine  is  given  in  large  doses  without  effect  on  the 
fever  are  probably  not  malarial,  or  if  so,  are  malaria  with  enteric,  or  with 
some  complication,  or  it  may  be  some  other  lasting  fever  possibly  of 
septic  origin. 

One  has  undoubtedly  seen  quinine  pushed  too  far  in  some  cases  of 
malarial  infection.  It  should  be  remembered  that  quinine  when  admi- 
nistered to  excess  may  injure  the  nervous  system  and  reduce  the  power 
of  endurance;  and  it  is  said  that  it  may  itself  lead  to  some  alteration 
in  the  red  cells  of  the  blood. 

Quinine  acts  more  promptly  in  malarial  fevers  when  the  bowels  are 
well  opened,  and  as  in  these  fevers  there  is  a  tendency  to  constipation, 
it  is  well  to  commence  quinine  treatment  with  a  purge  such  as  a  dose 
of  calomel  and  compound  jalap  powder,  or  magnesia  sulphas,  or  a 
Seidlitz  powder. 

The  following  is  the  general  plan  one  would  advocate  for  a  three 
months'  course  of  curative  quinine  treatment.  The  method  begins  after 
the  last  pax-oxysm  or  series  of  paroxysms. 

First  week. — 

(a)  In  double  malignant  tertian  (quotidian),  30  grains  daily 
for  3  days,  and  then  20  grains  daily  for  another  3 
days,  none  on  the  seventh  day,  making  150  grains  durino- 
the  first  week.  ^ 

.(6)  For  ordinary  malignant  tertian,  30  grains  on  the  day  of  the 
next  expected  attack,  and  continued  on  alternate  days 
until  120  grains  have  been  taken  during  the  first  week. 

(c)  For  double  benign  tertian,  30  grains  daily  for  3  days  and 
then  20  grains  daily  for  3  days,  none  on  the  seventh'  day 
making  150  grains  in  the  first  week.  ' 

{d)  For  ordinary  benign  tertian,  30  grains  on  the  day  of  the 
next  expected  attack  and  continued  on  alternate  days 
until  120  grains  have  been  taken  during  the  first  week 
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(c)  For  ordinary  qvjirtan,  30  grains  on  the  day  of  the  next 
expected  attack  and  continued  every  third  day  until  120 
g^'ains  have  been  taken. 

For  double  and  triple  quartan  the  intervals  between  the  doses 
would  be  shorter,  and  the  amount  of  quinine  to  be  administered  in  the 
first  stage  of  the  course  larger. 

From  the  end  of  the  first  week  tire  course  may  be  the  same  for  all 
types  of  malarial  infection. 

Second  'week.  —  In  grains  daily. 

Third  and  foiortlt  weeks. — 10  grains  daily  with  20  grains  every 
seventh  day  instead  of  10. 

Fifth  to  eighth  weeks  (inclusive). — 10  grains  daily. 

Ninth  and  tenth  v)eeks.—5  grains  daily  with  10  grains  on  two 
consecutive  days  each  week  instead  of  5. 

Eleventh  and  twelfth  xoeeks. — 5  grains  daily  with  10  grains  instead 
of  5  once  a  week. 

Should  a  relapse,  or  a  re-infection  (which  is  most  unlikely)  occur 
wliile  the  patient  is  under  this  treatment,  the  whole  course  is  to  be 
commenced  de  novo. 

These  rules  are  general  and  not  specific.  The  quantities  men- 
tioned are  what  one  considers  the  average  patient  should  take.  Some 
will  require  more,  others  less.  There  are  many  factors  entering  into  the 
circumstances  of  cases  of  malaria  that  will  necessitate  some  modification 
of  this  method.  Amongst  these  are  the  freshness  of  the  infection  at  one 
end  and  chronicity  at  the  other,  inordinate  sensitiveness  to  the  toxins 
metabolised  by  malarial  parasites,  unusual  susceptibility  to  the  effects 
of  quinine,  quitting  the  malarious  for  a  non-malarious  locality,  etc. 
It  is  not  possible  to  formulate  any  rules  for  quinine  administration  for 
three  months  that  would  cover  the  peculiarities  met  with  in  all  patients. 

The  parasites  of  malaria,  when  they  have  once  increased  to  suffi- 
cient numbers  to  produce  malarial  fever,  are  difficult  to  get  rid  of 
permanently.  One,  personally,  believes  malaria  to  be  one  of  the  most 
difficult  of  infective  diseases  to  eradicate.  Nothing  short  of  a  three 
months'  course  during  the  non-malarial  season,  and  a  jour  months' 
course  (including  one  month's  prophylactic  use)  during  the  malarial 
season  (when  it  is  assumed  re-infections  are  repeatedly  occurring),  is 
sufficient  for  this  purpose. 

There  is  an  essential  difiference  between  the  curative  use  of 
quinine  in  cases  of  known  malarial  infection,  and  that  of  its  use  as  a 
prophylactic.  In  the  former  case  there  are  already  hundreds  of  millions 
of  malarial  parasites  in  the  blood  ;  in  the  latter  when  successfully  carried 
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out,  even  when,  as  may  l^e  the  case,  infection  is  continuous  and  repeated, 
the  number  of  parasites  rarely  reaches  the  proportion  of  one  in  lialf  a 
million  red  cells.  Literally,  all  use  of  quinine  in  malaria  is  curative, 
for  it  is  employed  to  kill  parasites  that  liave  entered  the  blood  through 
anophelines.  The  term  prophylaxis,  as  applied  to  quinine,  signifies 
prevention  of  malarial  paroxysms. 

There  appears  to  be  some  apprehension  that  quinine  may  give  rise 
to  blackwater  fever.  This  apprehension  to  the  use  of  reasonably  large 
doses  in  malarial  fevers,  in  this  couutry  at  least,  is  unfounded. 

Of  the  large  number  of  cases  of  malaria  investigated  in  Military 
and  Civil  Hospitals  during  last  year,  there  was  only  one  case  that  could 
be  diagnosed  as  blackwater  fever.  It  was  the  case  of  a  Garhwali 
coolie  in  the  Sudder  Bazar  Hospital,  Chakrata,  who  had  suflfered 
for  many  months  from  recurrent  attacks  of  malignant  tertian  fever 
had  a  very  large  spleen,  was  intensely  anremic,  and  had  suffered  from' 
hyperpyrexia,  severe  bilious  vomiting,  hasmoglobinuria  and  suppression 
of  urine,  acute  pain  in  the  loins,  etc.  After  recovery  from  the  initial 
attack  every  time  he  got  quinine  by  the  mouth  an  attack  of  hsemo- 
globinuria  was  precipitated.  Intramuscularly  in  small  doses  it  did  not 
affect  him.  The  man  acquired  his  malaria  in  the  Pauri  District  in 
Lower  Garhwal.  Assistant  Surgeon  Twells  informed  me  of  another 
similar  case  treated  in  the  Chakrata  Sudder  Bazar  Hospital  which 
proved  fatal— the  man  came  fit-om  the  same  district. 


(a)  Eradication  of  Malaria  from  the  entire  Population  \ 

BY  Quinine. 

_  Cinchonisation  of  all  infected  persons  in  a  community  has  been 
tried  on  a  large  and  on  a  small  scale.  In  the  former  it  has  been  suc- 
cessful m  a  number  of  malarious  places,  and  in  the  latter  in  many 
instances,  especially  when  the  cinchonised  persons  in  these  malarinnQ 
places  are  shut  off  from  connection  with  infected  persoas 

Theoretically  general  cinchonisation  of  infected  is  sufficient  — 

Cinchonisation  of  all  infected  members  of  a  popuLi^u  si?onM 
theorMy  \>,  sufficient  to  eradicate  malarial  fevi  it  princinle 
aimed  at  in  thi.  use  of  quinine  in  a  malarious  district  is  the  ex  inc  ion 
of  malarial  parasites  from  all  who  are  infected.  When  carried  out  h  it 
ntegrxty,  we  assume  that,  with  some  reservation,  the  parasi  es  of 
malaria  in  the  blood  of  all  inhabitants  are  killed  off    It  wLld  fol  ow 
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is,  as  far  as  the  entire  population  of  India  is  concerned,  impracticable. 
The  foundations  of  this  method  are—  1  ascertaining  wliich  persons  in  the 
community  harbour  malarial  parasites  in  the  blood,  and  (2)  eradicating 
these  parasites  by  the  periodical  administration  of  quinine  for  a  period 
of  three  months.    The  acquisition  of  this  knowledge  would  mean  the 
examination  of  the  blood  of  the  entire  population  which  m  this  country 
is  a  physical  impossibility.    Even  were  it  possible,  the  entire  output  ot 
quinine  in  the  world  would  be  insufficient  to  cinchonise  for  three 
ionths  all  cases  of  malarial  infection  in  this  country.  Nevertheless 
the  method  is  not  without  its  place  in  India,  for  it  is  apphcable  to 
many  groups  of  men  under  discipline  and  control  when  all  iniported 
cases  of  malarial  infection  can  also  be  cinchonised.  One  case  in  which  it 
is  specially  applicable  is  that  of  all  children  living  m  military  canton- 
ments who  are  the  chief  source  of  malaria  to  the  droops  of  our  whole 
Army  in  India.    In  a  later  section  one  has  given  the  details  as  to  how 
eradication  of  malaria  by  quinine  can  be  carried  out  m  children  m 
cantonments. 

Disadvantages  of  general  cinchonisation  of  infected.  -In  Koch's 
method  of  general  cinchonisation  in  German  East  Africa,  qmmne  had 
to  be  given  to  all  infected  persons  in  the  district  on  two  consecutive  days 
for  three  months,  at  first  twice  a  week,  and  then  every    0th  and  1  th 
day.    Koch's  special  means  of  cinchonising  on  a  large  scale  all  infected 
Sons  is  as  far  as  India  is  concerned,  impracticable     This  method 
Tas  certain  disadvantages.    Parasites  may  not  be  found  in  the  pe^- 
pheral  blood  and  yet  relapses  of  malarial  fever  take  place.    The  same 
may  be  stated  regarding  its  impracticability  in  a  large  town  or  city  or 
r/extensive  civil  community.    Such  a  measure  requires  a  large  .taS 
of  medical  men  and  an  almost  unlimited  supply  of  quinine.    The  com- 
pul^ry  use  of  quinine  is  also  impracticable,  and  its  adoption  by 
leo-islative  enforcement  would  defeat  its  own  end. 

The  complete  eradication  of  malaria  from  the  human  system  by 
qainine%ak"s\  considerably  longer  time  than  that  dunng^^^^^^^^^^^ 
nnhiine  treatment  is  practised  in  our  hospitals  m  India.  '  io extirpate 
tnarasit^in  a  patient  demands,  let  us  say,  four  months'  assiduous 
ctronllion,  and  in  very  malarious  towns  ^  W^^^f^^^^^^^ 
natives  and  nearly  all  the  children  may  be  infected  To  deal  with  these 
Wd  reqie  a  h'eavy  annual  expenditure  for  medical  attendance  and 
quinine  with  examination  of  immigrants. 

work  or  to  market.  —  — 
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Communities  to  which  applicable.  -  In  the  case  of  troops,  police- 
raen,  Governmeut  offioirtls  of  all  classes,  gangs  of  coolies  on  canal  and 
road  work,  railway  embankments,  artisans  in  factories,  railway  servants, 
all  organised  groups  of  men  under  discipline  and  those  of  controlled 
institutions,  there  should  be  no  difficulty  in  enforcing  general  cincho- 
nisation,  if  this  is  thouglit  to  be  necessary.  It  can  also  be  carried  out 
with  some  facility  in  small  communities.  Officials  in  malarial  districts, 
in  addition  to  taking  quinine  themselves  prophylactically,  may  do 
much  to  teach  the  poorer  classes  the  principles  of  malarial  prophylaxis. 

Relative  immunity  of  persons  living-  in  endemic  malarious 
places. — The  natives  of  malarial  districts  acquire  a  partial,  never  an 
absolute,  immunity  to  malarial  infection,  just  as  those  born  and  living 
in  the  epidemic  zone  of  yellow  fever  acquire  a  partial  immunity.    It  is 
supposed  that  the  long  action  of  the  malarial  poison  on  the  system  in 
endemic  malarial  centres  gives  the  inhabitants  time  to  acquire  the 
degree  of  resistance  necessary  to  create  a  partial  immunity  at  least. 
Such  immunity  as  natives  possess  is  probably  due  to  the  fact  that  in 
childhood  they  suffered  more  or  less  constantly  from  malarial  infection, 
from  which  practically  no  children  in  malarious  localities  escape.  It 
has  been  suggested  that  the  use  of  quinine  constantly  as  a  prophylactic 
precludes  the  possibility  of  the  system  acquiring  immunity  from'  mala- 
ria, as  the  defensive  forces  of  the  white  blood  cells  and  blood  plasma 
under  its  influence  are  never  given  a  chance  to  operate.    Hence  the 
plan  advised  by  some  authorities  of  giving  only  sufficient  quinine  in 
small  doses  to  protect  against  a   serious    manifestation  of  malarial 
infection,  and  thus  after  its  prolonged  administration  bring  about  per- 
manent immunity.    This  is  the  basis  of  Plehn's  method  of  quinine 
prophylaxis. 

1 6)  Quinine  Prophyi>axis  of  Malaria. 

Methods  of  administering  quinine  prophylactically.— There  are 
various  methods  of  administering  quinine  prophylactically,  and  medical 
officers  of  the  Army  in  India  have  unfortunately  abundant  opportunities 
of  testing  their  value. 

Koch's  method.— Koch's  method  consists  of  what  is  known  as  the 
"  long  interval  prophylaxis,"  by  the  giving  of  15  to  22^  grains  on  two 
consecutive  days  at  intervals  of  from  8  to  11  days,  usually  on  the  10th 
and  1 1th  day. 

Celli's  method. -Celm's  method  consists  in  the  daily  adminis- 
tration of  two  sugar-coated  tabloids  of  3  grains  each  of  the  bisulphate  or 
hydrochloride  of  quinine.  ^ 

sists  of^fvfnrT^J'n  «    ^^^^  of -double  prophylaxis"  con- 

sists ot  giving  7  to  8  grains  every  4th  and  5th  or  5th  and  6th  days. 

f.,-ve^?'^)n^'^®*^°^-7'^  '^'S^  number  of  medical  officers  in  India  now 
give  a  mediurn-sized  dose  (10  grains)  twice  a  week  on  two  consecuMvI 
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Method  here  recommended. — While  we  have  no  positive  statistics 
orextevided  experience  to  guide  us  as  to  the  hest  method  of  using  quinine 
prophylactically,  such  as  we  do  possess  appears  to  indicate  that  the 
maximum  influence  of  quinine  as  a  prophylaxis  is  best  obtained  by 
giving  5  grain  doses  daily  (with  a  10  or  15  grain  dose  once  a 
week)  or  15  grains  twice  a  week  on  two  consecutive  days  during  the 
malarial  season.  I  would  recommend  that  in  stations  where  malaria  is 
comparatively  mild,  5  grains  be  given  daily  ;  where  it  is  moderately 
severe,  5  grains  daily  for  6  days  and  10  grains  on  the  7th  day  ;  and  where 
severe  or  very  severe,  5  grains  daily  for  6  days  and  15  grains  on  the 
7th  day. 

Prophylaxis  by  quinine  is  now  adopted  in  practically  all  jails  in 
this  country  and  amongst  all  troops.  It  is  also  in  vogue  amongst  the 
greater  number  of  Europeans:-  residing  in  endemically  malarial  places. 
The  extent  of  its  practice  by  the  rural  population  is  unknown,  but  in  all 
probability  it  is  exceedingly  limited — even  when  quinine  is  available 
few  villacre  natives  will  ever  take  the  drug  unless  actually  suffering 
from  malarial  infection. 

Wherever  quinine  is  being  issued  prophylactically  to  bodies  of  men, 
its  use  should  be  rigidly  controlled  and  issued  directlj-  under  the  super- 
vision of  some  responsible  officer.  The  prophylactic  use  of  quinine  is 
not  as  a  rule  popular,  and  all  possible  forms  of  evasion  are  practised  by 
those  who  dislike  it. 

Whenever  quinine  is  used  prophylactically  or  curatively  it  should 
he  given  regularly,  as  it  appears  to  be  a  well  recognised  fact  that  when 
taken  irregularly,  especially  in  small  doses,  it,  for  some  undeter- 
mined reason,  seems  to  lessen  the  resistance  of  the  organism  to  malaria. 
This  is  possibly  due  to  the  parasites  of  malaria  being  immunised  to  its 
effects,  and  being  then  able  to  continue  their  evolution  in  its  presence, 
as  occurs  with  the  Trypdoiosoma  gambiense  after  a  time  under  treat- 
ment by  atoxyl.  This  irregular  use  of  quinine  and  the  effects  there- 
from are  responsible  for  the  statement  that  quinine  has  no  influence  in 
checking  malaria,  whereas  it  is  not  the  fault  of  the  quinine  but  the 
manner  in  which  it  is  taken. 

When  smaller  doses  fail  as  a  prophylactic  larger  doses  are  neces- 
sary. The  dose  that  is  necessary  varies  in  different  districts.  We 
cannot  get  outside  the  fact  that  quinine  is  a  true  disinfectant  of  the 
blood  as  regards  malarial  parasites  when  given  in  appropriate  doses. 

Many  medical  men  in  India  consider  that  quinine  has  no  effect  as 
a  proDhylactic  in  malaria.  The  cause  of  failure  is  usually  either  m 
the  dose,  method  of  administration,  or  want  of  supervision.  In  no 
instance  that  has  come  under  one's  personal  observation  has  there  been 
failure  when  the  drug  was  employed  so  as  to  obtain  its  full  prophylactic 
influence. 
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It  is  impossible  in  any  case  to  state  that  the  prophylactic  issue  of 
the  drug  has  done  no  good  unless  control  observations  are  made  at  the 
same  time.  While  the  comparison  of  one  year's  cases  with  those  of 
another  is  in  a  general  way  useful,  it  is  open  to  many  fallacies,  chief 
amongst  which  is  the  varying  ways,  periods,  and  forms  in  which  the 
quinine  is  given  ;  it  is  seldom  that  the  issues  on  two  consecutive  years 
are  precisely  identical— <?..(/.,  regiments  may  move  from  a  healthy  to  a 
malarious  station,  or  vice  versa,  change  in  the  method  as  regards 
diagnoses,  e.g.,  say  in  1907  or  1908  a  large  proportion  of  malarial  cases 
were  detained  for  a  few  days,  while  in  1 909  every  case  of  malarial  fever 
was  admitted ;  and  so  on. 

For  comparisons  to  have  any  weight  they  must  be  rigidly  local, 
for  not  only  does  the  intensity  of  malaria  vary  in  different  parts  of 
communities  and  different  regiments  in  the  same  station,  but  in  many 
cases  in  particular  quarters  of  a  bazar  and  different  companies  of  the 
same  regiment,  and  one  has  found  that  such  variations  in  intensity 
largely  depends  on  the  relative  positions  of  breeding  grounds  to  infected 
and  susceptible  people. 

T  am  indebted  to  Dr.  Cocrtney,  Civil  Surgeon,  Hissar,  for  the 
following  interesting  account  of  quinine  prophylaxis  in  the  Hissar  Jail 
during  the  last  few  years  : — 

"  From  1st  January  to  date  (17th  December  1909)  I  have  had  only 
one  case  of  tme  malarial  fever  in  this  jail.  This  is  a  record  for  this 
jail  as  will  be  seen  from  a  comparison  with  previous  year's  figures  : — 

Average  Admission  for 

population.  malarial  fevers. 

1904  ...  ...  169  ...  ...  1.^1 

1905  ...  ...  168  ...  ...  73 

1906  ...  ...  ...  ...  7o 

1907  ...  ...  164  ...  ...  14 

1908  ...  ...  185  ...  ...  1 

"  This  satisfactory  result  I  can  attribute  safely  to  quinine  and  to 
quinine  alone.  I  have,  no  doubt,  continued  the  sanitary  improvements 
in  the  jail  buildings  as  regards  ventilation  and  drainage,  and  filling  up 
and  levelling  depressions  in  and  around  the  jail,  but  "this  of  itself  is 
not,  in  my  opinion,  sufficient  to  areount  for  the  satisfactory  result 
recorded  above. 

"In  1907  quinine  was  also  issued  as  a  prophylactic  in  this  jail, 
the  result,  as  shown  above,  was  a  distinct  and  decided  improvement ; 
the  admissions  for  malarial  fevers  being,  with  an  almost  equal  daily 
average  population,  about  one-fifth  of  the  previous  year's  figures.  "l 
am  now  convinced,  however,  that  that  result  would  have  been  better  but 
for  the  reason  that  no  real  supervision  was  exercised  over  the  issue. 
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The  issue  was  made  every  sixth  day  and  hence  had  to  be  entrusted  to 
the  Hospital  Assistant,  as  I  could  not  be  present  at  each  and  eveiy 
issue. 

"  I  must  here  confess,  in  the  interest  of  science,  that  although  I 
firmly  believed  in  the  mosquito  theory  of  malaria,  I  was  somewhat 
sceptical  as  to  the  value  of  quinine  as  a  prophylactic  without  the  aid  of 
mosquito-nets  as  protectives.  The  result  of  last  year's  experience, 
however,  converted  me  absolutely  as  to  the  prophylactic  value  of  large 
periodical  doses  of  quinine,  and  I  determined  that  in  1908  I  woiild 
give  the  drug  a  fair  and  impartial  trial,  and  the  result,  as  shown  above, 
has  exceeded  my  utmost  expectations. 

"In  1908,  I  was  able  to  carry  out  this  decision  quite  easily,  as, 
according  to  later  orders,  the  issue  was  to  be  made  weekly,  at  the 
Monday  parades,  instead  of  every  sixth  day.  At  these  parades,  a  1 5- 
grain  dose  of  quinine  was  given  to  each  and  every  prisoner  in  my 
presence,  women  getting  10  grains.  The  prophylactic  issue  was  begun 
on  3rd  August  and  has  been  continued  regularly  ever  since. 

"  To  keep  the  jail  free  of  malarial  fevers,  I  gave  every  prisoner, 
admitted  to  jail  after  1st  January  1908,  a  10-grain  dose  of  quinine  on 
admission,  irrespective  of  whether  he  was  a  convict,  under-trial  or  civil 
prisoner.  During  the  malarial  season  this  dose  was  given  irrespective 
of  the  weekly  15-grain  dose.  This  lO-grain  dose  was  also  issued  in  my 
presence  in  the  jail  office  where  all  new  prisoners  are  brought  up  before 
me  the  day  after  their  admission,  and  the  procedure  has  been  rigidly 
followed  throughout  the  year." 

"  The  periodical  issue  of  large  doses  of  quinine  is  undoubtedly 
'  the '  preventative  for  malarial  fevers,  but  its  issue  must  be  minutely 
supervised,  as  the  natives  of  India  are  prone  to  shirk  the  dosing  by  any 
and  every  means  in  their  power.  Nor  can  its  issue  be  entrusted  to 
subordinate  officials,  as  they  do  not  yet  realise  the  beneBts  of  the 
prophylaxis,  and  carry  out  the  issue  as  a  matter  of  routine  without 
taking  any  interest  in  it. 

"  No  anti-mosquito  campaign  was  undertaken  this  year  in  this 
jail." 

Sale  of  pice-packets  quinine  in  India-  -  The  sale  of  quinine  in 
5-grain  pice-paokets  is  very  largely  in  operation  in  India  at  the 
present  day,  and  is  doing  a  certain  amount  of  good.  Unfortunately  the 
sale  is  liable  to  abuse.  There  have  been  numerous  suggestions  as  to  the 
best  method  of  controlling  the  sale  of  quinine,  such  as  the  employment 
of  special  men  who  would  travel  with  it  from  village  to  village  allowing 
them  to  make  a  certain  percentage  of  profit  on  the  sales  effected,  or  the 
exclusive  sale  in  poVice  thanas  wherever  these  are  established,  sale  in 
post  offices,  by  schoolmasters,  in  kutcheries,  etc.  Special  endeavours 
should  be  made  to  enlist  the  interest  of  merchants  and  others  to  sell 
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quinine  and  explain  its  value  to  the  people.  The  Government  in  this 
cheap  sale  of  quiuine  is  undoubtedly  effecting  some  degree  of  mitigation 
of  malarial  infection  in  the  remoter  parts  of  diKtricts. 

Sale  of  packets  of  quinine  containing  12  doses^— Instead  of  pice- 
packets  it  would  be  much  sounder  to  sell  packets  containing  at  least 
12  doses  of  quinine,  so  that  the  purchaser  would  be  able  to  take  a  short 
course  of  qiunine  treatment. 

It  cannot  be  stated  that  we  have  so  far  arrived  at  any  definite  con- 
clusion from  om*  Indian  experience  as  to  which  is  the  best  way  of 
administering  quinine  propUylactically.  Small  groups  of  statistics  have 
been  published  from  various  districts  in  which  the  endemicity  lias 
differed  widely,  the  conditions  under  which  the  drug  was  given  were 
not  identical,  the  figures  have  usually  been  small  and  control  obser- 
vations liave  not  been  made.  Yet  the  question  is  one  which  in  malarial 
districts  could  be  solved  without  much  difficulty,  especially  is  this  the 
case  with  troops,  and  in  jails. 

Naturally  the  object  in  quinine  prophylaxis  is  to  achieve  the 
desired  result  of  preventing  malarial  fever  with  the  minimum  expen- 
diture of  quinine  given  in  the  most  practicable  way.  Whijhever  method 
is  adopted  it  should  be  adhered  to  consistently.  That  chosen  will,  of 
course,  be  the  one  compatible  with  all  the  local  conditions  to  be  dealt 
with,  the  amount  of  responsible  supervision  that  can  be  given,  and 
control  over  the  recipients  of  the  drug  being  important  factors.  The 
plan  to  be  adopted  having  been  chosen,  the  length  of  time  it  is  to  be 
carried  out  is  fixed,  and  a  formula  of  procedure  as  to  the  administration 
of  the  drug  worked  out. 

Whilst  there  is  so  much  difference  of  opinion  as  to  the  best  method 
of  using  quinine  prophylactically,  it  would  be  well  that  the  question  be 
subjected  to  a  rigid  investigation.  There  are  facilities  for  carrying 
out  such  an  investigation  in  this  country  not  met  with  elsewhere. 
Endemic  malarial  areas  should  be  chosen  and  bodies  of  men  in  them 
should  be  administered  quinine  in  various  ways,  control  observations 
being  made  at  the  same  time.  Groups  of  statistics,  amounting  to  at  least 
an  aggregate  of  5,000  each,  would  decide  the  question  once  for  all.  with 
only  a  small  margin  of  probable  error.  The  conditions  of  each  group  as 
far  as  prevalence,  intensity  and  liability  to  relapse,  and  as  regards 
hygienic  condition  of  the  people,  etc.,  should  be  as  nearly  identical  as 
possible.  We  would  then  get  a  fairly  correct  record  as  to  the  relative 
prevalence  of  malarial  fevers  among  persons  taldug  the  drug  in  these 
various  ways,  and  those  not  taking  it  at  all. 

A  difficulty  which  has  sometimes  to  be  contended  with  in  the 
administration  of  quinine  is  the  prejudice  against  it  entertained  by  many 
natives,  which  is  only  part  of  the  antipathy  they  have  to  all  medicine. 


168 


One  of  the  prejuHices  entertained  by  the  natives  of  India  against  the 
use  of  quinint^  is  based  on  the  theory  that  raahirial  fever  is  a  "  cold 
disease"  and  should  be  treated  by  a  "  cold  remedy,"  while  quinine  is 
considered  to  belong  to  the  opposite  category  of  medicinal  agents. 

The  rationale  of  the  methods  of  administering  quinine  prohylacti- 
cally  differs.  When  quinine  is  given  in  smaU  clones  at  frequent  and 
regular  intervals,  the  object  aimed  at  is  to  keep  always  in  the  blood  a 
certain  amount  of  the  drug,  so  that  when  malarial  parasites  commence 
multiplying  after  being  injected  by  anophelines,  they  are  rendered  Jiors 
cle  combat.  It  is  very  doubtful  whether  sporozoites  are  affected  by 
quinine  before  they  enter  the  red  blood  cells.  In  this  method  the 
minimum  quantity  of  quinine  that  can  effect  this  desirable  object  is 
used.  Its  weak  point  is- the  probability  that  the  drug  will  be  forgotten 
or  not  taken  for  some  reason  one  day,  and  then  the  parasites  may  gain 
the  upper  hand,  as  when  they  have  once  got  a  foothold  in  the  blood 
small  doses  may  not  eradicate  them.  Quinine  does  not  prevent  malarial 
parasites  gaining  access  through  bites  of  anophelines.  Quinine  when 
present  in  the  blood  in  sufficient  quantity  simply  renders  malarial 
parasites  harmless  when  they  are  injected,  by  preventing  the  initial 
schizogonous  cycles. 

In  the  large  dose  method,  that  of  giving  large  doses  at  intervals 
,of  some  days,  the  object  is  to  have  the  drug  in  the  blood  in  such  a 
degree  of  concentration  that  malarial  parasites,  should  they  meanwhile 
gain  access  and  begin  their  schizogonous  cycle,  are  quickly  and  easily 
killed  ;  the  parasites  even  at  the  end  of  the  intervals  between  the  doses 
are  in  such  few  numbers,  and  so  easily  assailed  in  their  sporulating 
stages,  as  to  be  readily  killed.  On  the  whole,  the  object  arrived  at  is 
attained  in  both  methods  in  the  same  way. 

We  know  of  course  that  quinine  is  fairly  rapidly  eliminated  from 
the  system .  and  that  by  the  end  of  the  interval  in  the  large  and  infre- 
quent dose  method,  there  is  practically  none  in  the  blood.  In  the  small 
dose  method  there  is  always  a  certain  amount  ready  in  the  circulation. 

The  small  dose  method  is  the  more  ideal  way  and  simulates  the 
form  of  acquired  immunity,  but  is  not,  in  endemic  malarial  places, 
relied  on  by  many  medical  men,  because  from  some  accident  the  dose 
is  not  taken,  and'in  the  meanwhile  infection  may  occur  and  then  these 
small  doses  are  insufficient  to  eradicate  the  parasite. 

Those  who  advocate  the  5-grain  dose  daily  hold  that  by  this 
method  the  quinine  is  always  in  the  blood  in  sufficient  quantity  to  kill 
any  parasites  reaching  it,  and  yet  not  sufficiently  to  produce  cinchonism. 
Further  they  consider  that  the  curative  eff^ects  of  qui  nine,  when  malarial 
fevers  do  occur,  is  not  lessened  from  the  system  being  accustomed  to  the 
smaller  doses. 
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It  is  to  be  remembered  that  the  small  dose  methods  do  not  atfect 
the  occurrence  of  relapses  ;  no  ordinary  prophylactic  doses  do  this. 

Quinine  not  literally  prophylactic  but  curative.— Quinine  cannot 
be  regarded  literally  as  a  -pro pJiy lactic  against  malarial  infection,  as  it 
does  not  affect  the  entrance  of  the  parasite  into  the  blood,  nor  does 
it  prevent  the  first  stages  of  the  development  of  sporozoites  in  the 
blood,  and  it  is  very  probable  that  it  does  not  prevent  these  latter 
infecting  red  blood  cells.  The  drug  weakens  or  kills  the  parasite  after 
it  has  infected  the  red  cells  and  at  the  moment  spores  are  set  free  from 
red  cells. 

We  cannot  lay  in  a  reserve  stock  of  quinine  in  the  system  ready  to 
attack  malarial  parasites  when  they  arrive.  All  experience  indicates 
that  this  is  a  useless  waste.  Quinine  administration  during  a  pre-epi- 
demic  period  is  of  no  use  as  a  prophylactic  measure.  It  is  best  to  start 
its  use  as  soon  as  the  risk  of  malarial  infection  arises. 

It  has  been  shown  on  a  small  scale  that  5  grains  of  quinine  every 
day  reduces  attacks  by  20  per  cent. ;  10  grains  daily  by  56  per  cent.; 
and  15  grains  a  day  by  70 — 80  per  cent.  But  even  15  grains  daily 
does  not  always  prevent  malarial  infection,  and  when  infection  as 
shown  by  paroxysms  has  occurred,  larger  doses  may  be  needed.  When 
malarial  infection  has  already  occurred,  and  the  parasites  are  multiply- 
ing in  the  blood,  it  is  no  use  giving  small  doses, 

One  has  used  quinine  prophylactically  against  malarial  infection 
in  large  bodies  of  men  for  many  years,  and  it  has  never  in  one's 
experience  given  rise  to  accident,  except,  in  a  few  cases  slight  indi- 
gestion, headache,  or  deafness,  all  temporary  and  passing  off  in  a  day 
or  so. 

Quinine  does  not  act  on  sporozoites. — Notwithstanding  state- 
ments to  the  effect  that  quinine  acts  on  all  stages  of  the  malarial 
parasite  in  the  blood,  it  is  probable  that  it  does  not  do  so  until 
after  the  parasite  actually  attacks  the  red  blood  corpuscles.  As  far 
as  we  know  the  earliest  form  in  which  the  malarial  parasite  enters  the 
human  blood  is  that  of  sporozoites  (elongated,  needle-shaped,  actively 
mobile  bodies),  which  are  injected  into  the  blood  vessels  from  the 
salivary  glands  through  the  proboscis  of  malaria  bearing  anophelines. 
These  sporozoites  are  probably  not  affected  by  quinine  in  the  blood. 

CRAIG'S  opinion  on  action  of  quinine.— C.  F.  Craig,  after  a  careful 
study  of  the  action  of  quinine  on  malarial  parasites  in  fresh  and  stained 
specimens,  records  the  opinion  that  it  affects  the  parasite  injuriously 
during  all  stages  in  man  except  just  prior  to  sporulation,  at  which  time 
the  sporulatiug  body  is  not  affected  and  sporulation  occurs,  but  most  of 
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the  spores  are  destroyed  by  the  drug  in  the  blood  plasma.  One  can 
from  personal  observation  fully  endorse  this  statement.  He  advises 
giving  quinine  in  divided  doses  at  regular  intervals  of  time  rather  than 
in  one  or  more  large  doses  at  long  periods. 

Economic  value  of  quinine  administration. — As  an  economic 
result  the  administration  of  quinine  prophylactically  is  well  founded- 
"  In  Sardinia  the  expenditure  of  3,500  lire  in  quinine  has  resulted  in  a 
saving  of  more  than  10,000  lire  value  in  days'  work  ;  of  course  no  account 
is  taken  of  our  future  good  resulting  from  this  diminution  of  fever,  it 
merely  refers  to  the  net  economic  result  of  one  year's  operations.  '  * 

Celli  records  that  in  1904,  out  of  a  population  of  70,000  persons  in 
malarious  districts  in  Italy  protected  by  routine  quinine  administration, 
only  8"08  per  cent.  suBFered  from  malarial  attacks,  and  this  in  a  bad 
fever  year.  "  In  a  particular  district,  in  the  lower  valley  of  the  Aniene 
and  Tiber,  amongst  578  persons  treated  regularly  by  quinine,  there 
were  12"10  per  cent,  of  cases  ;  in  '270  persons  treated  irregularly  there 
were  50  per  cent,  of  cases,  and  amongst  the  central  population  not 
treated  at  all,  there  were  46-52  per  cent,  of  cases.  Again  in  1905  in 
the  valley  of  the  Aniene  (which  is  very  malarious),  of  419  treated 
prophylactically  only  3  81  per  cent,  of  cases  occurred.  In  the  notorious 
Campagna  of  Rome,  in  1900,  when  no  medicinal  prophylaxis  was 
carried  out,  malaria  prevailed  to  such  an  extent  that  31  per  cent,  of 
the  population  suffered  from  attacks  of  fever  ;  in  1904  quinine  com- 
menced to  be  given  systematically,  and  in  this  year  26  per  cent,  were 
attacked.  The  figures  for  the  three  succeeding  years  were  20,  11  and  10 
per  cent,  respectively  ;  and  in  1905  only  5-1  per  cent,  of  the  population 
suffered." 

In  connection  with  the  use  of  quinine  in  India  one  would  recom- 
mend— 

1 .  A  considerable  extension  of  our  indigenous  cinchona  plantations, 
and  of  the  machinery  for  the  manufacture  of  quinine,  so  that  the  output 
of  the  drug  would  not  only  be  larger,  but  made  cheaper.  The  present 
output  of  indigenous  quinine,  plus  that  imported,  would  be  insufficient 
to  meet  the  requirements  of  a  generalised  free  distribution  to  all 
infected  persons,  even  if  we  limited  such  distribution  to  the  more 
epidemic  malarial  districts. 

Reduction  in  price  of  quinine  an  urgent  requirement  in  general 
prophylaxis. — Cheapening  the  price  of  quinine  is  probably  the  most 
urgent  necessity  in  the  general  prophylaxis  of  malaria  in  this  country. 
At  the  present  time  the  wholesale  price  of  quiuine  made  in  the  Calcutta 
and  Madras  Quinine  Factories  is  higher  than  that  of  the  larger  private 
chemists  in  this  country. 


*  Celli's  Malaria,  p.  188. 
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Private  firms  oollecfcively  import  about  twice  the  quantity  made  in 
the  Government  factories.  The  average  annual  output  from  Govern- 
nient  factories  is  about  4!), 000  pounds.  This  is  tlie  produce  from  about 
five  millions  of  cinchona  trees,  inchiding  those  grown  in  the  Darjeeling 
and  Nilgherrj  Plantations. 

The  smallest  quantity  of  quinine  that  could  produce  any  appreci- 
able amount  of  good  in  the  general  population  during  epidemic  times 
is  aboiTt  3,500  pounds  per  million  of  people  Even  this  amount  would 
only  partially  treat  the  actual  malaria  cases  that  occur  during  such 
periods.  There  are  probably  over  80,000,000  cases  of  malaria  annually 
in  this  country.  These  facts  lend  support  to  the  suggestion  made  above 
as  to  the  necessity  of  increasing  the  output  of  indigenous  quinine  and 
lessening  its  price.  It  is  not  considered  that  this  could  adequately 
cope  with  the  requirements  of  a  widespread  epidemic  of  malaria  in 
India— the  whole  output  of  quinine  of  the  world  would  not  do  this. 
What  one  wishes  to  point  out  is  that  our  present  output  is  insufficient 
to  meet  the  ordinary  requirements  of  an  average  year  were  anything 
like  a  widespread  distribution  attempted.  As  cinchona  trees  do  not 
yield  bark  for  some  years  after  being  planted,  it  will  be  some  time  before 
a  sufficient  quantity  of  quinine  can  be  regularly  manufactured,  even 
supposing  that  the  cinchona  plantations  in  this  country  were  at  once 
considerably  extended. 

.  2.  The  establishment  of  a  staff  of  quinine  distributors  independent 
of  the  issue  of  the  drug  through  school-masters,  post-masters,  and  other 
officials,  in  all  districts  in  which  malaria  is  epidemic  or  threatenino- to  bo 
90.  This  staff  should  be  taught  how  to  diagnose  and  treat  cases  of  malarial 
fever,  malarial  enlargement  of  the  spleen  and  malarial  antemia,  and  how 
to  give  quinine  both  curatively  and  prophylactically  to  all  persons  in 
villages  (and  if  necessary  in  towns)  suffering  from  malaria,  and  in  each 
village  leave  a  supply  with  the  headman  of  the  village  to  administer  to 
those  requiring  it  during  the  interval  between  these  visits.  The  strength 
of  the  staff  so  required  would  be  worked  out  by  the  authorities  in  the 
different  provinces. 

Failing  such  a  staff,  arrangements  might  be  made  to  ensure  that 
every  village  headman  in  severe  malarial  districts  receives  a  certain 
quantity  of  qmnine  in  powders,  pills  or  tablets  periodically,  the  quantity 
being  determined  by  the  population  he  controls.  School-masters  and 
post-masters  exist  in  comparatively  few  villages,  but  there  is  a  mamlat- 
dnr  ipatd  or  patwari)  in  every  village,  and  he  is  a  responsible  man  and 
one  of  some  importance  and  much  influence  in  his  own  little  territory. 

The  only  form  in  which  this  distribution  would  be  popular  is  in 
pills,  tablets  or  powders.    Pills  are  unreliable  when  not  made  up  fresh 
The  machinery  in  India  at  present  is  inadequate  to    manifactu  e 
even  one-tenth  of  the  tablets  that  would  be  necessary.    The  quh 
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tablets,  pills  or  powders  shoukl  be  made  up  in  the  Government  Medical 
Stores,  quinine  factories,  or  in  the  larger  provincial  jails.  Quinine 
should  not  be  given  in  bulk  to  members  of  the  distributing  staS. 
One  would  include  as  part  of  the  duties  of  this  stafif,  the  diagnosis  of 
malarial  fevers  in  villages,  recording  the  malarial  statistics  of  villages, 
and  forwarding  them  to  the  Civil  Surgeon  of  the  District,  in  the  same 
way  that  vaccinators  now  keep  up  their  vaccination  registers.  Such 
statistics  should  be  prepared  and  despatched  weekly  ;  this  would  keep 
the  malarial  statistics  and  the  work  of  quinine  distribution  regularly 
under  the  eye  of  a  responsible  medical  officer. 

These  dispensers  would  distribute  quinine  among  the  sick  by 
house  .to  house  visitation.    When  this  is  carried  out  the  particular  towns 
and  villages  to  be  included  should  be  definitely  laid  down  and  shown  on 
the  map  of  the  district.    They  should  be  all  time  men,  live  in  a  con- 
venient centre  of  the  town,  or  when  in  a  rural  district,  in  a  central 
village.    They  should  be  provided  with  havresacks  to  contain  tin  canis- 
ters of  quinine  tablets  or  pills,  which  should  be      1,  3,  and  5  grains 
each,  each  canister  to  contain  one  kind  of  tablet  or  pill  only  ;  when  one 
grain  doses  are  required  two  half-grain  tablets  would  take  their  jjlace. 
He  should  o.ffer  the  quinine  gratis  to  all  persons  with  enlarged  spleen, 
and  all  persons  with  any  form  of  malarial  fever.    They  should  not 
demand  or  take  any  payment  whatever  for  medicine  or  his  advice.  In 
cases  of  active  malarial  fever  he  should  advise  two  pills  (dose,  accord- 
ing to  age)  to  be  taken  every  morning  just  before  the  morning  meal, 
giving  enough  quinine  to  each  person  for  a  week. 

The  dosage  of  these  tablets  or  pills  should  be  — 

Years  ...    1     1—3    3—6    6-9    9-12    over  12 

Grains  ...    i       I         2         3         4  5 

He  should  visit  the  more  malarious  places  most  frequently— the 
number  of  visits  and  details  to  be  specified  to  the  Civil  Surgeon  of  the 
District. 

These  men  should  be  thoroughly  instructed  in  their  duties,  they 
should  be  taught  the  general  nature  of  malaria,  its  mode  of  spread  and 
the  methods  of  diagnosis  of  the  ordinary  forms  of  malarial  fever.  Each 
should  have  an  official  badge  and  be  provided  with  a  small  pamphlet 
detailing  their  duties,  the  method  of  using  quinine,  and  they  should 
report  the  work  carried  out  to  the  Civil  Surgeon  of  the  District. 

The  preparation  and  despatch  of  the  quinine  pills,  tablets  or 
powders  should  be  in  the  hands  of  the  Medical  Department  and  no 
in  those  of  the  distributors  of  quinine.    One  recognises  tha    in  an 
organisation  of  this  kind  in  India  there  would  almost  certainly  be  a 
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leakage,  but  every  possible  effort  should  be  made  to  control  this.  When 
the  is'sue  of  tlie  drug  is  free,  there  would  be  no  further  market  for  it,  at 
least  not  in  rural  districts. 

One  fully  recognises  that  the  expenditure  on  quinine  alone,  if  it 
reached  all  cases  of  malaria  of  this  country,  would  be  enormous,  and, 
as  previously  stated,  the  supply  of  quinine  of  the  whole  world  would  be 
insufficient  for  the  purpose. 

Junior  Hospital  Assistants  would  form  an  excellent  foundation  for 
such  a  staff,  and  they  would,  in  addition,  be  able  to  take  the  spleen 
index,  general  spleen  rate,  make  observations  on  the  distrilxition  of 
anophelines  and  the  breeding  grounds  of  anoplieline  larva3,  and  carry 
out  the  duties  of  mosquito  inspectors. 

The  foregoing  is  a  modification  of  the  systeiii  of  quinine  distribu- 
tion recommended  by  Professor  Ronald  Ross  for  the  Mauritius. 

It  is  fully  recognised  that  such  a  distributing  staff  could  only  be 
employed  on  a  small  scale  and  in  the  presence  of  an  epidemic  or  threat- 
ened epidemic  ;  but  as  in  each  province  there  are  localised  epidemic  foci 
practically  every  year,  these  men  could  be  transferred  from  one  place 
to  another  as  occasion  demands.  Their  work  during  the  malarious 
season  would  be  severe,  but  should  not  cease  at  the  end  of  that  season, 
as  there  would  then  be  a  large  number  of  cases  of  relapse  to  deal  with 
which  would  go  on  until  the  next  malarial  season. 

What  appears  to  be  necessary  is  that  a  staff  of  quinine  distributors 
be  employed  who  would  be  constantly  moving  about  in  the  more  mala- 
rious parts  of  districts,  who  would,  as  it  were,  act  as  the  dispensers  of 
itinerant  dispensaries.  These  men  would,  during  their  trips  to  villages, 
endeavour  to  explain  to  the  people  the  way  to  prevent  malaria,  and  how 
quinine  should  be  used  when  infection  has  occurred. 

Tn  the  absence  of  a  definite  staff  of  quinine  dispensers,  the 
method  of  distribution  would  vary  in  different  districts.  In  the 
United  Provinces  the  method  of  free  distribution  of  quinine  in 
epidemic  malarial  districts  in  1909  was  roughly  as  follows.  The 
decision  as  to  whether  an  epidemic  was  present  was  based  on 
the  average  normal  attendance  of  malaria  cases  at  hospitals  and 
dispensaries ^  during  the  months  of  August,  September  and  October 
for  the  last  five  years  ;  if  for  three  weeks  during  these  three  montlis  in 
1909,  the  average  attendance  was  double  the  normal  attendance,  a 
severe  epidemic  was  considered  to  be  present  in  the  locality.  Tlie 
Provincial  Government  was  then  informed  of  the  fact  and  the  quantity 
of  quinine  required  indented  for.  'J'he  actual  quantity  of  quinine 
required  was  determined  by  the  Civil  Surgeon  in  consultation  with  the 
Deputy  Commissioner  or  other  District  Civilian  of  the  locality.  The 
average  quantity  used  varied,  the  maximum  being  from  1 ,000  to  1  500 
pounds  per  million  of  people.    The  quinine  was  made  into  3-  'and 
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5-gvaiii  pills  by  vaccinators  and  jail  labour  (ciiiefly  the  Aligarli  Jail). 
Tliey  were  put  up  into  boxes  containing  250  pills,  two  of  these  boxes 
being  considered  sufficient  for  100  persons.   In  the  distribution  there  was 
the  co-operation  of  all  officials  of  the  district,  each  of  whom  got  a  supply 
of  pills  to  distribute  personally  in  the  villages  allotted  to  thein.  The 
primary  responsible  agencies  for  the  distribution  in  villages  were  the 
District  Boards,  each  of  which  prepared  a  list  of  all  the  headmen  of 
villages  under  their  control.    The  villages  in  the  district  were  divided 
into  circles,  each  circle  was  placed  under  an  official  or  a  member  of  the 
District  Board,  whose  duty  it  was  to  distribute  the  quinine  in  person  to 
all  village  headmen  in  the  circle  allotted  to  him. 

Before  the  distribution  was  made  all  officials  to  be  engaged  in  the 
work  (tahsildars,  naib-tahsildars,  kanungos,  ahlmads,  officials  of  the 
Opium  Department,  members  of  District  Boards,    sub-inspectors  of 
police,  bakshis,  school-masters,  pound-keepers,  and  every  other  available 
official)  were  assembled  at  a  central  place  in  the  district,  and  made  to 
thorouc'hly  understand  the  object  aimed  at.    They  then  received  th*ir 
quantity  of  quinine  and  went  to  their  allotted  villages  and  distributed 
it,  usually  completing  the  distribution  in  two  or  three  days.    In  handing 
over  the  boxes  of  quinine  pills  to  pativaris,  the  official  explained  the 
method  of  use.    Each  hundred  persons  infected  with  malaria  were  first 
to  get  200  pills  and  subsequently  the  same  hundred  to  get  250  pijls 
In  districts  where  th3  infection  was  not  severely  epidemic,  the  quinine 
was  sold  in  pice-packets,  each  packet  containing  three  ,5-grain  tablets. 
The  agency  for  the  sale  of  quinine  in  these  latter  districts  was  quite 
distinct  from  that  in  which  the  quinine  was  issued  gratis. 

Anterior  to  this  distribution  a  committee  had  worked  out  the  rnethod 
of  distribution  and  the  approximate  quantity  that  should  be  issued 
o-ratis.  This  committee  arrived  at  the  conclusion  that  the  quantity  of 
quinine  necessary  to  make  any  serious  impression  on  an  epidemic  would 
be  an  average  of  50  grains  per  head.  In  a  district  of  a  million  people 
this  would  mean  about  7,000  pounds  of  quinine  at  a  cost  of  about  ten 
rupees  per  pound.  It  would  be  impossible  to  procm-e  and  pay  for 
such  a  large  quantity,  and  equally  so  to  distribute  it  and  get  the 
people  to  use  it  when  distributed. 

Modifications  of  this  method  of  distribution  have  been  adopted  in 
various  districts  in  other  parts  of  India.  In  Lower  Bengal  Hospital 
Assistants  were  largely  made  use  of  in  the  distribution. 

B.— Segregation  of  the  Healthy. 

A  comprehensive  principle  in  malaria  prophylaxis  is  the  keeping  of 
healthy  persons  isolated  from  those  that  are  infected  with  ™a knal 
parasites  This  has  reference  specially  to  the  keeping  of  native  children 
of  malarious  places  away  from  the  community  we  wish  to  protect. 
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*'  For  troops  and  officials  segregation  is  always  useful,  and  the 
detection  and  treatment  of  the  sick  must  be  urged  whatever  other 
methods  are  employed,  because  otherwise,  even  if  local  infection  be 
absolutely  abolished,  a  number  of  relapses  will  occur  among  old  cases 
for  years  to  come,  " 

If  healthy  persons  in  an  infected  area  were  absolutely  protected 
from  mosquito  bites,  fresh  infection  would  not  occur.  Healthy  residents 
outside  the  infected  locality  and  within  the  range  of  flight  of  infected 
mosquitoes  coming  from  it,  should  also  be  completely  protected  from 
mosquito  bites.  The  same  applies  to  all  persons  coming  to  the  locality, 
even  for  a  single  night.  This  measure  is  segregation  of  the  healthy. 
Most  of  the  malaria  acquired  by  Europeans  in  this  country  is  got 
through  anophelines  that  have  been  infected  by  natives,  especially 
personal  servants,  sufifering  from  malarial  fever.  This  is  not  always 
obvious  as  the  servant  may  have  been  ill  some  weeks  previously  and 
the  incident  may  be  forgotten.  It  must  be  remembered  that  the 
malarial  parasite  takes  roughly  ten  days  to  develop  in  the  mosquito  and 
another  ten  days  to  multiply  suflSciently  in  the  infected  person,  before 
malarial  fever  shows  itself.  Hence  aside  from  any  question  of  human- 
ity, it  is  well  to  be  on  the  watch  for  fever  amongst  servants,  and  to 
dose  them  properly  with  quinine  when  it  manifests  itself.  In  using 
quinine  with  servants  one  should  always  give  it  oneself,  preferably  in 
the  liquid  form.  The  mere  putting  of  some  quinine  in  a  packet  and 
telling  him  to  take  it  at  definite  times  is  not  sufficient.  Often  he  has 
no  faith  in  it,  or  he  dislikes  its  taste  or  its  efifects,  or  is  apathetic  about 
such  a  minor  trifle  as  ordinary  tap  or  bulchar. 

The  method  of  segregation  of  the  healthy  is  applicable  to  compara- 
tively small  bodies  of  men  such  as  our  garrisons  in  India,  troops,  gangs 
oi  labourers,  jail  prisoners,  and  Government  employes  occupying  isolated 
groups  of  buildings.  ^ 

Wherever  possible,  it  is  desirable  that  bazars  and  families  with  native 
children  especially,  should  live  sufficiently  remote  from  all  troops  and 
liuropeans  to  render  malarial  infection  improbable  in  the  latter  from 
the  lormer.    It  is  well  known  that  in  different  malarious  districts  from 

paiasites  in  the  blood,  and  they  do  so  when  in  apparent  health.  Native 
hu  s  and  quar  ers  generally  are  the  chief  sources  of  infected  anophelines, 
and  native  children  under  10  living  in  bazars  and  native  quartei4  are  the 
chiet  sources  whence  anophelines  get  their  i  nfectiou.  Troops  in  India 
we  know  often  acquire  malarial  infection  in  the  bazars,^in  staMons 
where  the.e  is  a  practical  absence  of  anophelines  in  cantonments  Eve^ 
n  officers  quarters  there  are  necessarily  a  certain  number  of  servants  In 
vitl>  thL"''^  have  their  fami He 

:^  iaSn!:^  h  r  ^^"tf ^  ''-^^^'y 

or  about  our' servants' houses  anopheline  mosquitoes  in 
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The  segregation  method  can  of  course  he  applied  by  any  one  who 
has  the  facilities  for  doing  so.  Natives  who  have  the  means  and  wish 
to  do  so,  may  equally,  with  Europeans,  isolate  themselves  from  the 
infected  population  of  malarious  areas. 

There  are  numerous  instances  in  which  the  plan  of  segregation  of 
Europeans  can  be  carried  out  with  comparatively  little  cost,  especially 
is  this  the  case  when  such  radical  measures  as  extensive  and  costly 
drainage  schemes  cannot  be  undertaken.  For  example,  the  removal  of 
a  few  native  huts,  or  a  bazar,  or  even  a  village  on  the  confines  of  bar- 
racks or  cantonments,  may  make  a  marked  alteration  in  the  health  of 
troops.  Moving  troops  into  tents,  a  fortnight  or  so  after  the  rainy  season 
has  begun,  and  away  from  bazars,  is  another  method  which  may  be 
successfully  adopted  in  some  stations. 

C.- Isolation  of  Infected  Persons. 
As  part  of  the  general  principles  governing  malarial  prophylaxis,  it 
is  important  that  mosquitoes  be  prevented  from  biting  persons  infected 
with  malaria.  In  this  matter  personal  eflforts  are  of  httle  avail— all 
one  can  do  is  to  recognise  and  act  on  the  principle  that  a  case  of 
malarial  fever  is  as  much  a  danger  as  a  case  of  any  of  the  eruptive  or 
infective  fevers.  It  is  our  duty  to  endeavour  to  limit  the  number  ot 
such  cases  amongst  our  personal  servants,  for  if  one  or  niore  of  these  are 
infected,  their  proximity  renders  us  liable  to  infection  through  the  ano- 
phelines  they  infect.  In  a  general  way  it  may  be  said  that  when 
malarial  fever  occurs  in  Europeans,  the  latter  has  acquired  it  from 
mosquitoes  that  have  previously  bitten  an  infected  native,  often  one  s 
own  servants  or  their  children. 

Isolation  of  those  infected  by  malaria  is  to  some  extent  now  carried 
on  in  most  of  our  large  hospitals  in  India,  and  in  many  of  our  smaller 
hospitals  also.  As  a  general  prophylactic  measure,  ^^^.oj^Jf ^^^^f/^ 
as  one  can  at  present  see,  impracticable.  The  children  of  the  poorer 
classes  who  are  the  most  prolific  sources  of  malaria,  cannot  be  isolated. 
llrvertCles^  with  all  these  difficulties  in  connection  with  isolation  from 
mosquitoes,  it  should  be  adopted  as  far  as  practicable. 

Theoretically,  and  when  carried  out  in  their  integrity,  both  segrega- 
tion of  the  health;  and  isolation  of  the  infecied  as  anti-malarial  measures 
eorre  careful  and  repeated  examination  of  the  blood  of  all  pe'^ons  in  the 
pS  and  of  all  persoL  coming  to  it.  There  are  d^^-; 
this  The  blood  of  infected  may  show  no  parasites,  or  may  have  tliem 
only  during  relapses.  Many  are  infected  for  years,  so  that  isolation  is 
impracticable  in  their  case. 

In  an  endemic  malarial  locality  in  which  we  ^oth  rnal^^^^^^ 

fevers  and  anophelines,  if  infected  persons  are  ^^"^  off  fiom  a  tack  oi 
anophelines,and  thereby  prevented  from  ^'^^^^^^^^ 
tan  B  with  malaria,  malmial  fevers  would  die  out.   ^^J^'f^^^^^^^^^  ^f 
persons  should  be  isolated  until  all  malarial  paiasites  ("^^/^^^^"J  ^ 
course  gametes)  have  ceased  to  be  found  in  their  blood.    All  mtected 


177 


persons  outside  the  town,  station,  etc.,  within  the  mosquito  range  of 
infeotivity  should  also  be  isolated.  Theoretically  we  may  say  that  as 
soon  as  cases  of  malarial  fever  are  diagnosed,  they  should  be  isolated  in 
the  same  way  as  groups  of  any  other  infectious  fever  are.  Malarial  fever 
is  a  typically  infectious  fever,  infection  being  caused  by  anophelines. 
All  persons  suffering  from  malarial  fever  in  a  malarious  place  are  a 
source  of  danger  to  others. 

Segregation  of  the  sick  from  the  healthy  requires  large  hospitals, 
and  hospital  establishmentri,  the  use  of  mosquito  nets  or  wire-gauge  doors 
and  windows,  etc.  The  long-continued  infective  period  of  malaria 
renders  legislation  as  regards  compulsory  notification  and  isolation 
impracticable.  Where  only  a  few  cases  occur,  isolation  is  quite  easy. 
By  general  isolation  from  mosquito  bites  both  methods  (segregation  of 
healthy  and  isolation  of  infected)  are  united. 

Isolation  from  mosquitoes  cannot  of  course  be  in  any  sense  a  com- 
plete protective  measure.  We  all  have  to  work  out  of  doors,  often  in 
places  where  anophelines  attack  us,  and  the  poorer  classes  who  have  to 
work  and  live  at  all  times  without  adequate  protection  are  specially 
liable  to  be  attacked.  Again,  even  where  they  can  be  afforded,  wire- 
gauze  screens  and  mosquito  nets  get  out  of  repair  and  permit  of  mos- 
quito attacks.  Nevertheless  the  principle  of  isolation  from  infected 
persons  and  from  mosquitoes  is  sound,  and  whenever  practicable  should 
be  carried  out. 


D — Peotection  against  Adult  Mosquitoes. 

A  considerable  part  of  the  prophylaxis  against  malaria  is  embraced 
in  protection  from  mosquito  bites.  To  defend  ourselves  from  the  bites 
of  mosquitoes,  mosquito-proof  wire-gauze  rooms  and  wire-o-auze  screens 
to  doors  and  windows  to  houses,  and  by  mosquito  nets,  must,  to  a  lar^e 
extent,  lessen  the  chances  of  malarial  infection. 

(a)  Mosquito-proof  Houses. 

Protection  from  the  biteo  of  mosquitoes  by  wire-gauze  doors  and 
windows  IS  known  as  Professor  Celli's  method,  and  conslts  L  causing 
houses  to  be  impenetrable  to  mosquitoes  by  closing  all  openings  wi  h 
wire  gauze  having  a  mesh  of  about  12  strands  to  the  inch   All  windows 
and  a  I  doors  that  are  not  absolutely  necessary  for  ingress  and  e^^^^I 
are  closed  permanently  by  frames  covered  with  wire-gauze    aiid  al 
indispensable  exterior  doors  are  fitted  with  double  spring  dom-s  of  the 
same  ma  erial,  these  two  doors  being  sufficiently  far  apart  to  allovv  of 
closure  of  the  first  door  before  the  second  is  opened.    A  very  im  o  tant 
part  of  this  system  is  that  the  doors  should  be  self-closine^  th?.  f 
arrangement  being  effected  by  springs.    Where  tlf^rate  ";^^^^^^ 
looms  for  sleeping  in.  there  should  also  be  a  wire-gauze  door  nf  S 
bottom  of  the  staircase.    A  mosquito-protected  house  frtheoi^ticluy! 

26 
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the  ideal  method  of  excluding  mosquitoes,  but  it  embraces  some  initial 
outlay,  as  well  as  cave  and  a  state  of  education  in  hygienic  matters  which 
all  classes  of  the  community  do  not  possess. 

Mosquito-proof  houses  for  India  are,  on  the  whole,  one  of  the  cheapest 
o-eneral  methods  of  preventing  malarial  infection  through  anophelines, 
and  they  are  certainly  a  great  protection  in  all  endemic  malarial  areas. 
The  wire-gauze  method  is  one  that  is  specially  applicable  to  private 
dwellings  in  this  country.  If  carried  out  in  its  integrity,  it  gives 
complete  immunity  to  the  occupants  while  indoors  from  the  attacks 
of  mosquitoes,  and  that  even  when  the  breeding  grounds  are  m  the  near 
vicinity.  Further,  it  renders  the  occupants  independent  of  their  neigh- 
bours' neglect  as  regards  breeding  grounds  of  anophelines.  It  is  a 
method  that  is,  so  far  in  this  country,  used  to  only  a  limited  extent. 

There  are  thousands  of  bungalows  all  over  India,  such  as  Govern- 
ment dak  bungalows,  rest-houses,  circuit  bungalows,  canal  bungalows 
along  irrigation  canals  in  malarious  districts,  in  which  there  is  no  other 
practical  method  except  that  of  using  wire-gauze  doors  and  windows  or 
mosquito  nets,  of  preventing  the  attacks  of  mosquitoes,  and  of  the  two 
the  former  is  decidedly  the  better.  It  is  also  highly  desirable  that  aU 
barracks,  hospitals,  and  all  official  quarters  in  malarious  districts  be 
provided  with  this  wire-gauze  protection. 

The  reports  of  the  success  of  this  method  of  protection  indicate 
that  its  usefulness  is  no  longer  a  matter  of  doubt.    It  is  now  adopted  m 
many  malarious  countries-one  has  recently  seen  it  --^^^f  y 
in  Queensland,  Hong-kong,  Southern  Japan,  China   the  Phihppines, 
California.  Mexico,  Arizuna,  etc.,  and,  to  some  extent,  m  India. 

Mechanical  protection  by  wire-gauze  to  houses,  of  «o^^f '  ^.^^^f^'^ 
occupant  liable  to  accidental  infection  by  anophelines  once  he  is  outside 
the  protection  thus  afforded. 

When  it  is  not  possible  to  have  wire-gauze  doors  and  windows  all 
round  the  house,  they  may  still  be  useful  when  applied  to  bed-rooms 

and  verandahs. 

In  the  mosquito-proof  bed-room  there  is  a  wire-gauze  screen  room 
which  fits^th?n  the  bed-room,  and  in  the  centre  o  this,  the  bed  is 
nlaced  It  is  provided  with  a  door  and  a  light  may  be  kept  m  it,  and 
l^n  .n  electJic  fan  or  a  small  punkah.  It  can  be  so  constructed  as  to 
be  movable,  and  be  taken  down  every  morning  if  necessary,  oi  it  may 
be  put  up  as  a  permanent  structure. 

An  adaptation  of  the  wire-gau2e  room  for  sleeping  outside  the 
house  on  tS  plls^  or  even  as  an  outside  dining-room  would  be  a  we - 
J^3me  innovatio^n,  and  in  towns  and  cantonments  wnere  there  are  electuc 
fans,  would  be  very  comfortable. 
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Another  modification  of  this  suggestion  is  a  portable  mosquito- 
proof  bed-room  sufficiently  large  to  hold  the  bed,  a  table  for  a  lamp, 
and,  if  necessary,  a  chair.  This  is,  however,  somewhat  bulky,  and  is  liable 
to  require  repeated  repairs  if  carried  about.  As  a  permanent  fixture 
such  a  room,  when  provided  with  spring  doors,  affords  absolute  and 
permanent  protection  against  mosquitoes  once  one  is  in  it. 

Various  forms  of  wire  are  used— tinned  wire,  copper,  brass  and 
niciiel  wire,  and  plain  iron  wire.  Tinned  wire-gauge  is  very  useful,  and  is 
the  most  inexpensive;  copper  and  brass  wire  are  1^  times  the  price  of 
tinned  wire.  In  estimating  the  cost  of  course,  we  have  to  include  the 
construction.  As  a  rule  such  screens  are  most  comfortable;  they  keep 
out  insects  and  help  to  keep  out  damp.  They  are  specially  indicated 
in  all  public  buildings  and  in  the  better  class  of  private  houses.  They 
are  at  present  impracticable  in  the  poorer  clasess  of  dwellings. 

In  the  absence  of  wire-gauze  doors  and  windows,  the  covering  of  all 
openings  with  some  simple  form  of  mosqnito  netting  or  muslin,  fixed  to 
the  doors  and  windows  may  be  adopted.  Muslins  are  manufactured  all  over 
India,  are  very  cheap,  and  it  is  possible  to  cover  all  the  required  doors  and 
windows  in  a  large  house  with  it  for  a  few  rupees.  It  cannot,  however, 
be  said  that  these  fragile  window  and  door  coverings  can  replace  the 
more  permanent  and  effective  wire-gauze  fixtures  to  windows  and  doors. 

The  experiment  of  Low,  SAMBONand  Rees,  in  the  Roman  Campagna 
once  for  all  proved  the  practicability  of  living  in  a  highly  malarial  place 
during  the  malarial  season,  without  quinine  prophylaxis,  so  long  as  there 
is  reliable  protection  from  the  attacks  of  mosquitoes.  These  three 
doctors  lived  in  the  Roman  Campagna  (a  notoriously  malarious  locality) 
for  months,  moved  about  outside  during  the  day.  but  returned  to  their 
mosquito-proof  house  every  evening  by  sundown  without  acquiring 
malaria — see  p.  41. 

Many  authorities  believe  that  the  mosquito-proof  bungalows  on  the 
Panama  Canal  Zone  are  the  most  efficient  prophylactic  measure  adopted 
there.  These  bungalows  are  simple  in  construction,  inexpensive,  com- 
fortable, and  it  would  appear  quite  efficacious  against  the  attacks  of 
mo.squitoes  at  night.  The  Panama  Canal  Zone  was  certainly  one  of  the 
most  malarious  in  the  world.  It  was  quite  as  malarious  as  the  West 
Coast.  The  methods  adopted  by  the  United  States  in  this  zone  is 
probably  one  of  the  most  perfect  examples  of  applied  hygiene  in  the 
history  of  medicine. 

(6)  Personal  Protection. 

(i)  Protection  by  Mosquito  Netting. 

Some  form  of  gauze  material  around  beds  to  protect  from  mosquitoes 
has  been  in  use  for  many  centuries  Annkslky  as  early  as  1828  in  this 
country  recommended  the  use  of  mosquito  nets  as  a  protection  against 
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malaria.    They  were  used  to  avoid  the  nuisance  caused  by  mosquitoes 
for  many  years  before  we  knew  that  anophelines  were  malaria-carriers. 
In  early  times  in  India  mosquito  curtains  for  beds  were  recommended 
to  exclude  the  ''miasmata"  giving  rise  to  malaria,  or  to  prevent 
"  chills  "  from  the  night  dew. 

There  is  no  doubt  that  when  properly  arranged  and  used  the 
mosquito  net  protects  from  the  attacks  of  mosquitoes  at  the  time  when 
such  protection  is  moat  needed — at  night  when  asleep.  Probably  nine- 
tenths  of  malarial  infections  occur  at  night.  The  most  important 
point  to  see  to  is  that  the  net  is  free  from  perforations.  Nets  should 
not  be  touched  by  the  sleeper  during  the  night  as  he  may  then  be  bitten 
in  the  part  in  contact  with  the  net. 

Mosquito  nets  should  be  hung  inside  the  poles,  thoroughly  tucked 
under  the  mattress  (not  hanging  on  the  floor),  and  they  should  be 
stretched  tight.  This  last  precaution  is  necessary  as  a  loosely  hung, 
sagging  net  checks  the  perflation  of  air  through  it  and  the  air  inside 
becomes  oppressively  close. 

The  mesh  of  the  mosquito  net  should  not  be  coarse,  as  mosquitoesi 
especially  anophelines,  are  expert  in  wriggling  themselves  through  a 
large  mesh.  When  a  punkah  is  required,  the  frame  supporting  the  net 
should  be  very  low.  The  net  should  always  be  in  a  state  of  repair. 
The  female  anopheline  will  fly  around  a  net  for  hours  in  search  of  an 
entrance,  and  she  usually  succeeds  in  finding  the  smallest  perforation. 

Disadvantages  of  the  mosquito  net.— The  disadvantages  of  the 
Indian  mosquito  net  are  the  possibility  of  its  not  remaining  in  position ; 
in  the  case  of  a  long  man  the  foot  may  be  stuck  out,  or  the  arm  may  be 
thrust  out  during  the  night ;  or  unseen  perforations  may  give  access  to 
mosquitoes.  One  great  disadvantage  of  all  netting  is  that  the  air 
within  gets  close  and  stagnant,  rendering  sleep  in  the  hot  weather 
difficult.  Gauze  stuffs  generally  are  somewhat  delicate,  apt  to  tear,  get 
foul,  and  have  to  be  washed,  and  in  India  often  return  from  the 
dhobie  riddled  with  holes. 

The  mosquito  net  is  indispensable  for  travellers,  and  for  sportsmen 
going  into  the  jungle  on  shooting  excursions  in  malarious  regions. 
Neglect  of  its  use  during  the  malarial  season  is  always  dangerous.  In 
houses  not  provided  with  wire-gauze  doors  and  windows,  it  is  a  sine 
qua  non. 

Certain  Japanese  experiments  in  Formosa  gave  striking  evidence 
of  the  usefulne.=.s  of  mechanical  protection  from  mosquitoes  and  of  the 
power  of  mosquitoes  to  convey  malaria.  A  battalion  of  troops  were 
protected  from  mosquitoes  for  161  days  during  the  malarial  season,  and 
all  completely  escaped  malarial  fever ;  whilst  259  cases  of  malarial  lever 
occurred  in  an  unprotected  battalion  in  the  same  place  and  durmg  the 
same  period  of  time.    In  another  series  of  experiments  on  mechanical 
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protection,  all  windows  and  houses  were  gauze  protected ;  further,  the 
sentries  at  night  wore  gloves  and  veils.  The  following  tabular  statement 
will  best  show  the  results  of  the  latter  observations  :  — 

.  Percentage  of  fresh  attacks. 

Half  company*  orotected     (3  experiments)  ...        0  0  0 

unprotected  (        do.         )  ....    338  94  .386 

Three  companies      „         (        do.        )  ...    443         120  230 

{%%)  Use  of  Punkahs  and  Electric  Fans. 

Punkahs  and  electric  fans  are  useful  in  keeping  ofif  mosquitueB 
during  the  working  hours  on  the  plains,  and  advantage  should  be  taken  of 
their  use  by  all  persons  able  to  afford  them  during  the  anopheiine  season. 
The  electric  fan  has  in  many  stations  in  India  added  considerably  to 
the  comfort  of  living  and  to  the  health  of  Europeans.  Punkahs, 
however,  are  not  reliable  protection  against  the  attacks  of  mosquitoes 
as  these  insects  may  often  be  found  attacking  one  while  punkahs  are 
working.  Further,  when  worked  by  coolies,  the  latter  frequently  go  to 
sleep,  and  this  gives  mosquitoes  a  full  opportunity  for  attack,  of  which 
they  invariably  avail  themselves.  The  punkah  coolie  is  often  the  person 
from  whom  malaria  is  acquired. 

{iii)  Mosquito-proof  Clothes. 

Clothing,  if  suitable,  may  to  a  large  extent  afford  mechanical  pro- 
tection from  mosquitoes.  The  best  is  woollen  material,  which  not  only 
protects  from  the  bites  of  mosquitoes,  but  also  prevents  chills.  Mos- 
quitoes can  readily  bite  through  thin  cotton  clothing. 

The  dangers  of  malarial  infection  are  decidedly  greater  during  the 
evening  and  at  night  than  during  the  day,  because  Anophelince  are 
chiefly  busy  in  biting  at  these  periods.  Mosquitoes  are,  as  a  rule,  very 
vivacious  in  the  dusk  of  the  evening,  bite  through  one's  socks,  attack 
the  hands,  face,  and  all  exposed  parts  of  the  body. 

It  is  of  importance  that  the  feet  and  ankles  should  be  protected, 
especially  in  the  evening.  The  use  of  boots  instead  of  shoes  protects 
the  ankles. 

Anti-mosquito  veils- — In  very  malarious  places  persons  movino- 
about  in  the  evening  and  at  night  should  have  their  head,  arms,  feet 
and  legs  properly  protected  from  mosquitoes.  Men  on  sentry  at  night 
frequently  acquire  malarial  infection.  The  use  of  anti-mosquito  veils 
for  the  face  are  worn  by  railway  officials  of  Italy  in  certain  districts. 
They  were  likewise  distributed  in  the  Japanese  Army  both  in  1904  and 
1905  during  the  Kusso-Japanese  war.  In  the  latter  it  consisted  of  a 
cylinder  of  mosquito  netting  closed  at  the  top,  supported  by  a  collapsible 
framework,  all  held  in  position  by  tapes. 


*  A  half  compauy  of  Japanese  iufautry  consists  of  100  men. 
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(iv)  Gulicides.* 

Various  forms  of  cidicides  have  been  in  use  almost  from  time  imme- 
morial ;  but  we  ueed  here  only  mention  those  employed  in  modern  times. 

Adult  mosquitoes  may  be  destroyed  by  various  fumes,  gases  and 
odours.  Amongst  the  gases — that  of  sid'phurous  oxide  is  the  most 
useful,  next  comes  formaldehyde  vapour  ;  of  fumes-  that  of  country 
tobacco  smoke,  smoke  of  the  leaves  of  the  nim  tree — chrysanthemum 
powder  and  pyrethrum  powder  ;  and  of  the  odours —menthol,  camphor, 
turpentine,  lohan  (benzoin),  pastilles,  etc. 

The  fumes  of  whatever  agent  is  used  should  be  dense,  and  to  effect 
this  every  door,  window,  chimney,  and  all  chinks  should  be  effectually 
closed  in  the  same  way  as  if  one  were  disinfecting  a  room  by  fumigation 
after  occupation  by  a  case  of  small-pox  or  other  infectious  eruptive  fever. 

Sulphur  dioxide. — Sulphur  dioxide  is  j)robably  the  best  direct 
general  fumigant  culicide,  and  in  using  it  for  rooms  inhabited  by 
mosquitoes,  the  orthodox  method  of  fumigation  by  it  may  be  adopted, 
including  the  sealing  up  of  rooms,  windows,  and  chimneys.  It  is,  of 
course,  only  of  tetnporary  service,  and  does  not  protect  against  immi- 
gration of  mosquitoes  into  habitations.  A  few  minutes'  exposure  to  air 
having  a  high  percentage  of  ISO2  will  kill  all  insects— if  very  weak  in 
SO2  it  only  stupefies  them  Sulplntr  pastdles  are  recommended  by 
GiLKS.    These  latter  can  readily  be  made  up  by  oneself. 

One  of  the  best  and  most  convenient  ways  of  using  sulphur  as  a 
culicide  is  that  of  mixing  8  parts  of  sulphur,  1  part  of  nitre,  and  1  of 
charcoal,  with  mucilage  of  gum  acacia.f  placing  the  paste  in  a  conical 
mould  and  drying  in  the  sun,  a  small  piece  of  cotton  wicl<  being  placed 
in  the  centre.  A  convenient  size  is  4  ounces,  four  of  which  would  be 
sufficient  for  an  ordinary  sized  room. 

GiLKS  in  his  Climate  and  Health  in  Hot  Countries  states  that  the 
proportion  of  nitre  (in  the  formula)  is  not  enough  to  secm-e  a  sufiBciently 
rapid  combustion  to  instantly  flood  the  air  with  dioxide  of  sulphar 
fumes,  and  that  nothing  short  of  a  slow  burning  firework,  such  as  a 
Roman  candle  or  a  Bengal  liglit,  will  do  this  in  a  building  roofed  with 
tiles  or  thatch.  Possibly  it  might  be  advantageous  to  raise  the^  per- 
centage of  sulphur,  and  it  is  undoubtedly  better  to  pack  the  material  as 
a  powder  in  proper  cases  than  to  mould  it  into  pastilles. 

Sulphur  candles.— Sulphur  candles  may  also  be  made  by  mixing 
sulphur  and  grease  together  in  moulds,  each  candle  having  a  wick  in 
the  centre.    The  most  convenient  forms  are  those  having  a  diameter  of 
3  inches  and  I  inch  in  height.    These  may  be  placed  on  a  dish  suspended 
in  water  to  prevent  fire,  as  the  sulphur  in  burning  splutters  a  little. 

*Gididdes  are  agents  employei.l  to  kill  adult  mosquitoes.      .  ^  ^         t  at  « 
t  This  is  the  formula  originally  suggested  by  Lieut.-Colonel  tr.  biLES,  i..M.&. 
(R.)  in  his  Mosquitoes  or  Onats,  2  Ed.,  p.  221, 
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It  may  be  stated  that  there  are  several  kinds  of  sulphur  in  Indian 
bazars,  and  that  some  of  them  are  reputed  to  contain  arsenic.  All 
varieties  purchasable  may,  however,  be  used  for  this  purpose. 

It  is  useless  to  attempt  this  by  burning  a  little  sulphur  in  one 
place  and  closing  the  doors  and  windows.  For  the  sulphur  to  be 
useful  it  is  best  to  mix  with  it  a  little  kerosine  oil  and  place  it  on  a 
fairly  large  protected  fire,  and  make  one's  exit  rapidly.  Weak  doses  of 
the  fumes  only  stupefy  the  mosquitoes,  they  fall  to  rise  again.  A 
proper  concentration  of  sulpluir  fumes  will  kill  not  only  mosquitoes, 
but  all  other  insects  with  which  it  comes  into  contact. 

Country  tobacco  smoke. — Smoking  tobacco  has  long  been  known 
as  a  preventive  in  the  tropics,  though  the  reason  for  its  utility  in  this 
respect  was  not  understood,  except  that  the  smoke  drove  away  mos- 
quitoes and  prevented  their  attacks. 

One  of  the  best  ways  of  ridding  a  room  in  which  we  have  to  sleep 
of  mosquitoes  is  to  saturate  one  pound  of  country  tobacco  leaf  (which 
can  be  purchased  in  every  bazar)  with  kerosine  oil  in  the  bottom  of 
a  kerosine  oil  tin  and  set  it  on  fire — no  mosquito  .survives  the  effect 
of  the  smoke  which  is  evolved,  which  is  almost  instantaneous. 

Pellitory  pastilles. — Pastilles  of  pellitory  root  burned  in  the  rooms 
certainly  reduce  the  number  of  adult  mosquitoes.  In  the  first  efforts  at 
destroying  adult  mosquitoes  in  Cuba  in  1898,  pyrethrum  powder  (from 
the  pellitory  root),  made  into  fusible  cones,  was  used.  This  was  found 
not  to  be  reliable  as  it  only  stupefied  the  mosquito,  and  did  not  kill  it, 
which  can  be  readily  shown  by  laying  a  sheet  on  the  floor  of  a  room  in 
which  this  so-called  culicide  is  burnt ;  the  mosquitoes  falling  on  to  the 
sheet  after  a  time  revive  and  fly  away.  Pyrethrum  is  the  chief  consti- 
tuent of  many  commercial  insect  powders,  and  requires  eight  hours  to 
kill  mosquitoes.  Fumes  from  burning  quassia  wood  have  also  been 
recommended. 

For  simply  driving  mosquitoes  out  of  the  house,  any  fuel  burning 
with  a  dense  smoke,  such  as  moist  straw  or  dead  leaves,  etc.,  will  suffice. 
Even  a  small  amount  of  smoke  in  a  room  will  agitate  resting  mosquitoes 
and  put  them  on  the  wing  to  seek  means  of  exit.  A  denser  smoke  will 
narcotise  or  stupefy  them  and  cause  them  to  fall  to  the  ground.  When 
we  wish  to  drive  them  out  by  smoke  ordy  the  doors  and  ^vindoivs  must 
be  lejt  open  during  the  process,  and  closed  at  once  when  they  have  made 
their  exit.  After  they  are  driven  out  they  must  if  possible  be  prevented 
from  returning.  On  the  other  hand  when  we  wish  to  kill  them  outric/ht 
by  poisonous  smoke,  we  should  ^r,s^  close  all  doors  and  windows 
In  endeavouring  to  rid  a  room  of  mosquitoes  in  this  way  however 
It  will  he  necessary  to  add  something  to  the  fire  that  will  poison  them  ;' 
he  agent  used  for  this  purpose  will  vary  with  the  resources  of 
the  locahty  and  the  materials  available.  In  India  one  of  the  com- 
monest agents  used  by  natives  is  ordinary  incense,  sold  in  the  bazars 
as  lohan  (benzoin),  which  is  made  into  pastilles.  The  "mosquito 
lamp    used  in  China  is  said  to  be  a  useful  method  of  destroying 
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mosquitoes  in  a  room  or  within  a  mosquito  net.  Dried  leaves  of  wild 
mint  which  grows  in  most  parts  of  this  country,  lias  the  same  efifect  as 
quassia  fumes.  Fresh  or  dried  leaves  of  nim  or  Margosa  {Azadi- 
rachta  indica).  where  available,  may  be  burnt  in  the  absence  of  other 
agents,  especially  in  railway  stations.  Fumes  of  quassia  wood  are  less 
active,  killing  mosquitoes  in  five  hours.  Ordinary  wood  smoke  also 
causes  apparent  death  in  a  few  minutes,  but  kills  them  only  after  48 
hours  unless  very  dense,  a  relatively  large  quantity  of  the  smoke  being 
required  to  kill  mosquitoes  outright. 

In  the  case  of  bamboo  huts  with  thatch  roofs,  or  those  raised  on 
piles  with  perforated  bamboo  or  wooden  floors,  such  as  are  used  in  Burma, 
etc.  and  which  are  very  porous  to  smoke,  it  will  be  difficult  to  achieve 
complete  success,  but  even  in  such  cases  thorough  fumigation  will 
effect  the  destruction  of  the  vast  majority  of  mosquitoes  inhabiting  the 
hut  or  house  at  the  time.  The  best  way  is  to  intensify  the  effects  by 
concentrating  the  fumes  on  the  mosquitoes  suddenly. 

Formaldehyde  vapour.— This  vapour  freshly  generated  from  a 
lamp,  rapidly  drives  mosquitoes  from  a  room  or  tent.  This  gas  is,  of 
course,  a  feeble  insecticide  unless  discharged  in  a  fairly  concentrated 
form  in  large  quantities.  Formalin  vapours  have  been  very  largely  used 
and  there  are  many  patents  of  this  kind  in  the  market  of  which  some 
are  undoubtedly  useful,  but  it  is  questionable  whether  they  are  prefer- 
able to  sulphur  dioxide  vapour. 

Camphor  and  Carbolic  Acid. -  This  combination  is  largely  used 
in  the  United  States,  especially  on  the  seaboard  in  regions  of  endemic 
yellow  fever,  for  the  destruction  of  Stegomyia  calopus.  Equal  parts  of 
crystallised  carbolic  acid  and  camphor  are  dissolved  by  gentle  heat,  and 
allowed  to  act  on  the  room  for  two  hours,  4  ounces  of  each  being  used  for 
every  1,000  cubic  feet  These  are  put  into  a  small  pan  suspended  over 
a  spirit  or  petroleum  lamp.  A  white  vapour  having  an  agreeable  smell 
is  given  off.  The  fumes  do  not  injure  anything  in  the  room,  and  the 
latter  can  be  at  once  occupied  immediately  after  use. 

It  may  be  stated  that  culicides  alone  are  unreliable  in  a  large 
campaign  against  mosquitoes.  They  are  useful  in  single  houses,  in 
barracks,  hospitals,  hotels,  etc.,  in  exactly  the  same  places  where  screens 
are  applicable.  It  is  possible,  however,  in  this  country  to  devise  some 
cheap  method  of  using  culicidal  agents  for  town  houses  and  village  huts, 
and  in  a  generalised  campaign  against  mosquitoes,  this  is  one  of  the 
methods  that  should  be  used  as  an  auxiliary  to  other  measures. 

One  personally  has  little  confidence  in  the  use  of  fumigants  as  they 
are  ordinarily  employed  against  anophelines  during  the  anopheline 
season  To  be  really  destructive  at  this  time  it  should  be  carried  out  at 
night. 

Fumigation  with  culicidal  fumes  as  a  general  anti-mosquito  measure 
is  most  useful  at  the  end  of  the  breeding  season  of  mosquitoes,  about  the 
middle  of  spring  and  before  the  rains  set  in.    These  are  the  times  when 
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hibernating  and  restivating  anopheliues  may  be  destroyed  and  prevented 
from  giving  rise  to  vast  broods  during  the  ensuing  breeding  season. 

(v)  Gulicifuges.* 

Essential  oils. — Various  chemical  and  mechanico-chemical  agents 
have  been  used  to  apply  to  the  skiu  of  the  face,  neck,  hands  and  other 
exposed  parts  to  keep  oflp mosquitoes.  Tliey  are  usually  odorous  substances 
in  the  form  of  culicifugal  ointments,  oil  of  eucalyptus,  oil  of  rosemary, 
oil  of  anise,  oil  of  lemon  grass  and  essential  oils  generally,  kerosine  oil 
and  various  washes. 

The  application  of  the  essential  oils  wards  ofif  mosquitoes  to  some 
extent — one  in  great  favour  in  some  parts  of  India  is  Lemon  grass  oil, 
which  is  pleasant,  harmless  and  procurable  from  all  large  chemists  in 
this  country,  and  in  many  large  bazars.  It  is  the  oil  distilled  from 
several  species  of  Andropogon.  The  specimens  of  lemon  grass  oil  met  with 
in  India  differ  somewhat  in  appearance.  The  true  oil  is  of  a  pale  shiny 
colour,  transparent,  with  an  extremely  pungent  taste  and  a  peculiar 
fragrant  lemon-like  odour.    In  bazars  it  is  known  as  AJcya  ghas  lea  atr.'\ 

Kerosine  oil.  -  Much  as  she  abhors  kerosine  oil,  the  female  mosquito 
will  smother  her  dislike  and  feed  off  a  surface  covered  with  it,  if  that 
surface  belongs  to  a  human  being.  In  Manipur,  which  in  the  late 
autumn  swarmed  with  anopheliues  and  culicines,  one  repeatedly  coated 
one's  legs  with  kerosine  oil  and  left  them  bare  under  the  table  in  the 
evening,  and  on  one  occasion  watched  seven  anophelines  gorging  them- 
selves with  blood. 

The  sprinkling  of  kerosine  oil  about  the  bed-room  and  tying  a  towel 
soaked  in  the  oil  to  the  bed-posts  above  the  head  is  a  very  inefficient 
substitute  for  mosquito  nets. 

With  all  these  applications  as  soon  as  the  volatile  part  of  the  oil 
essence,  or  ointment  has  evaporated,  mosquitoes  will  unhesitatingly  begin 
their  attacks.  While,  therefore,  they  are  effective  for  the  first  twentv 
minutes  or  half  hour,  they  are  of  no  use  afterwards  as  protectives.  One 
in  the  meanwhile  may  fall  asleep  under  a  sense  of  false  security,  to  be 
assailed  by  anophelines,  and  possibly  infected,  by  malaria  while  asleep. 
When  female  mosquitoes  are  decidedly  hungry  and  in  crowds,  they  wili 
overcome  their  distaste  for  all  such  applications. 

One  cannot  therefore  recommend  any  of  the  known  culicifuoes  as 
protective  against  malaria,  and  would  warn  those  depending  on1:hem 
that  they  will  sooner  or  later  fall  victims  to  malarial  infection. 

It  is  quite  possible  that  in  course  of  time  some  culicifuge  will  be 
found  which  will  prevent  mosquitoes  biting  malarial  patients— then 

•  Gulicifur/es  are  agents  that  prevent  the  bites  of  mosquitoes, 
t  Waking's  Bazar  Medicine  of  India,  Gth  Ed.,  pp,  103,  104. 
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isolation  of  both  healthy  and  infected  will  be  an  easier  matter  than 
it  is  now.  It  will  then  be  possible  by  the  application  of  some  protec- 
tive material  on  the  exposed  parts  of  the  body,  or  the  use  of  substances 
that  drive  away  mosqiiitoes,  to  prevent  their  attacks. 

Cultivation  of  castor  oil  and  other  plants  useless. — Some  plants 
are  reputed  to  keep  mosquitoes  away  from  houses,  but  so  far  none  have 
proved  useful  in  this  direction.  The  castor  oil  bean  plant  was  consi- 
dered to  act  in  this  way,  but  it  is  known  that  mosquitoes  will  actually 
settle  and  rest  under  the  leaves  of  this  plant. 

Occium  viride.— It  has  been  stated  that  the  plant  known  as  the 
Occium  viride  has  the  virtue  of  keeping  mosquitoes  away.  The 
evidence,  however,  on  this  property  of  the  plant  is  very  scanty,  and, 
such  as  it  is,  unsatisfactory. 

It  is  a  mistake  to  cut  down  jungle  indiscriminately  in  the  belief 
that  jungle  harbours  mosquitoes.  This  may  give  anophelines  an  inlet 
from  infected  huts,  or  from  breeding  grounds. 

Hand-nets  for  capturing  mosquitoes.— Colonel  Gorgas  (U.  S.  A.) 
in  his  campaign  against  yellow  fever  in  Cuba,  while  especially  direct- 
ing his  attention  to  the  Stegomyia  calopus,  destroyed  all  mosquitoes 
found  by  hand-nets,  made  something  like  ordinary  butterfly  nets.  The 
destruction  of  mosquitoes  by  hand  is  not  to  be  ignored,  and  in  isolated 
houses,  barracks,  hospitals,  out-offices,  etc.,  a  considerable  number  of 
infected  mosquitoes  may  thus  be  got  rid  of. 

The  destruction  of  adult  mosquitoes  is  at  best  a  very  unsatisfactory 
process  and  one  that  cannot  in  any  place  be  relied  on  j^er  se  as  an 
anti-malarial  measure,  although  it  may  be  a  useful  auxiliary. 

Tinctorial  prophylaxis  of  mosquito  bites.— The  tinctorial  prophy- 
laxis of  mosquito  bites  is  not  without  its  importance  ;  such  colours  as 
navy  blue,  dark  red,  reddish  brown,  and  black,  are  more  attractive  to 
mosquitoes  than  articles  of  white,  slate-grey,  green,  light  yellow,  and 
violet,  and  it  is  probable  that  the  white  clothes  worn  by  inhabitants 
of  the  tropics  generally,  serve  a  useful  purpose  in  this  direction. 


E.— Removal  of  Brelding  Grounds  of  Mosquitoes  and 
Destruction  of  Mosquito  Larv/e. 

Drainage  and  Regulation  of  Surface  Waters  as  Anti-mosquito 

measures. 

Drainage  on  a  large  scale.  —One  of  the  main  prophylactic  measures 
for  the  reduction  of  malaria  is  drainage,  which  acts  by  doing  away  with 
the  breeding  places  of  anophelines.  On  a  large  scale  drainage  is  called 
for  wherever  the  subsoil  water  level  is  high  or  the  soil  water-logged  (even 
temporarily),  and  where  there  are  marshes  or  other  large  collections  of 
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water  acting  as  breeding-  grounds  for  anophelines.  Drainage  as  part  of 
public  prophylaxis  against  malaria  lias,  we  know,  been  practised  for 
many  centuries.  In  a  Report  of  the  Italian  Society  for  the  Study  of 
Malaria  for  1906,  the  opinion  is  recorded  that  "improvement  in 
drainage  should  first  be  undertaken  in  a  malarious  locality  ;  then 
improvement  in  agricultural  methods,  i.e.,  regular  and  careful  culti- 
vation ;  then  should  follow  the  new  anti-paludal  measures."  This  may 
apply  to  certain  limited  districts,  but  it  is  doubtful  whether  many- 
medical  officers  of  Indian  experience  would  advise  the  application  of 
such  an  important  generalisation  to  our  larger  endemic  malarial  districts 
in  India.  From  a  scientific  point  of  view,  it  is  possible  theoretically, 
with  great  expense  and  labour,  to  drain  towns  and  cantonments  in  this 
country  in  such  a  way  that  malarial  fevers  would  be  considerably 
reduced.  It  is,  as  far  as  one  can  judge,  impossible,  theoretically 
or  otherwise,  to  do  so  in  our  large  agricultural  districts  in  India  and 
Burma— this  is  especially  so  in  rice-growing  districts. 

Free  drainage  is  the  most  direct  means  of  counteracting  the 
influence  of  malaria  ;  and  as  this  is  naturally  attained  more  particularly 
in  isolated  mountain  elevations,  such  situations  are  usually  free  from 
fever,  although  these  maladies  are  not  uncommon  in  warm  mountain 
valleys,  thus  showing  that  to  some  extent  at  least  it  is  only  in  propor- 
tion as  mountains  are  better  drained  than  the  plains  that  they  are  more 
free  from  breeding  grounds  of  anophelines.  We  know  that  the  Hima- 
layan Terai  is  one  of  the  most  malarious  tracts  in  India. 

All  the  larger  works  of  drainage,  canal-making,  irrigation,  etc., 
must  necessarily  be  controlled  and  inaugurated  by  Government. 
One  is  con-vinced  that  Grovernment  would  be  ready  and  willing  to  spend 
money  on  sanitary  measures  that  could  be  definitely  shown  to  be 
prophylactic  against  malarial  fevers  in  communities.  It  is  not  easy 
for  the  sanitary  officer  in  particular  cases  to  .state  emphatically  that  the 
measures  he  recommends  will  unequivocally  eliminate,  or  even  mitigate, 
malaria.  He  can  only  base  his  opinion  on  the  principles  already  stated, 
and  illustrate  the  advantages  obtained  in  certain  districts  in  which  anti- 
malarial measures  have  been  systematically  carried  out  on  a  large  scale. 
Drainage  on  a  large  scale  is  always  a  serious  undertaking  j  even  in 
small  areas,  drainage  scientifically  carried  out,  means  expenditure  of 
funds  which  at  first  sight  appear  disproportionately  high  to  the  pro- 
spective results. 

The  question  whether  there  should  be  greater  State  intervention  in 
connection  with  hydraulic  sanitation  as  an  anti-malarial  measure 
throughout  this  country  is  a  problem  which  one  does  not  here  attempt 
to  consider.  It  would  appear  that  there  are  some  districts  in  which 
such  intervention  could  be  profitably  undertaken,  and  the  areas  rendered 
less  malarious.  Even  in  cases  where  the  conditions  are  favourable  to 
this  it  would  necessarily  be  a  work  of  slow  progress. 
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The  drainage  of  the  area  in  and  around  the  European  Troops' 
barraciss  in  the  Island  of  St.  Lncia  is  one  of  the  few  instances  in  which 
a  clear  case  of  the  effects  of  drainage  alone,  by  reducing  the  number 
of  anophelines.  brought  about  a  considerable  decrease  in  the  admission- 
rate  for  malaria.  The  whole  work  occupied  four  years  and  the  full  effects 
were  not  manifested  until  towards  the  end  of  the  fourth  year.  This 
instance  is  one  uncomplicated  with  other  prophylactic  measures.  The 
barracks  were  not  mosquito-proofed  with  wire-gauze,  mosquito  curtains 
were  not  used,  and  quinine  was  not  given  prophylactically.  Reliance 
was  entirely  placed  on  clearing,  drainage  and  general  sanitation  against 
mosquitoes.  A  severe  epidemic  of  malarial  fevers  led  to  drainage 
works,  etc.,  with  a  view  to  exterminating  mosquitoes  ;  this  was  followed 
by  a  great  diminution  of  malarial  fevers.* 

Another  instance  is  that  of  the  Island  of  Samarai  (Papua),  in 
which  it  is  stated  anophelines  have  been  entirely  exterminated  by  the 
drainage  of  one  large  swamp.  There  are  stations  and  cantonments  in 
India  in  which  the  drainage  or  filling  up  of  half  a  dozen  tanks  and 
various  borrow-pits  would  greatly  reduce  the  malaria. 

Large  drainage  schemes  nearly  always  take  some  time  to  show  any 
distinct  influence  for  the  better,  and  usually  it  is  not  until  well  into 
the  second  year  that  the  number  of  admissions  of  malarial  fevers  is 
much  decreased,  and  this  diminution  continues,  and  is  more  marked, 
by  the  end  of  the  third  and  fourth  years.  In  really  comprehensive 
drainage  works  that  take  several  years  to  carry  out,  it  frequently 
happens  that  it  is  not  until  the  work  is  approaching  completion  that 
malarial  fevers  are  materially  lessened, 

Well-devised  efforts  of  drainage,  intelligently  directed  and  persis- 
tently carried  out,  would  eventually  succeed  in  greatly  reducing  the 
malarial  incidence  of  many  towns  and  stations  in  India. 

The  salutary  effects  as  regards  malaria  following  drainage  of  a 
previously  malarial  district  is  not  entirely  due  to  the  drainage,  for 
it  is  well  known  that  drainage  per  se  is  an  anti-malarial  measure  that 
takes  a  long  time  to  operate  beneficially.  There  are  other  factors  such 
as  improved  sanitation,  water-supply,  better  housing,  healthier  lives, 
general  levelling  of  the  surface,  impermeable  roads,  abolition  of  collec- 
tions of  water  that  previously  existed,  and  all  the  other  attributes  of 
industrial  prosperity,  that  must  be  taken  into  account  before  we  can 
estimate  the  intrinsic  merits  and  influence  of  drainage  alone. 

Whatever  form  of  hydraulic  sanitation  is  instituted  in  any  parti- 
cular locality  .must  be  undertaken  in  view  of  the  present  known  epide- 
miological facts  connected  with  malaria.  "  The  essential  requirement 
of  all  systems  of  hydraulic  sanitation  is  that  they  do  not  leave  a  way  for 
the  larvae  and  nymphs  ol  anophelines  to  live  in  the  water."  (Celli.) 

*  Lt.-Col.  F.  P.  Nichols,  R.A.M.C,  "JHfects  of  Large  Drafuagc  Worki  on  Malaria," 
Journal  oj  tha  Royal  Army  Medical  Corps,  April,  1907. 
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We  should  not  forget  that  there  are  instances  in  the  history  of 
malaria  in  various  countries  in  which  the  initial  stages  of  the  drainage 
of  marshes  and  malarial  districts  have  been  associated  with  outbursts 
of  malaria  of  a  virulent  type.  Such  was  the  case  in  some  of  the 
drainage  operations  in  England  during  the  early  part  of  last  century, 
in  certain  parts  of  Italy  between  the  Tiber  and  Arno  rivers,  and  the 
tei-rible  record  of  the  drainage  of  the  marshes  near  Chartreuse  in  1805. 

The  drainage  schemes  of  towns,  villages,  cantonments,  collec- 
tion of  houses  and  huts,  should  be  planned  during  the  rains,  as  at  this 
time  it  is  easy  to  see  where  water  collects,  and  roughly  the  amount  of 
storm-water  that  has  to  be  provided  for. 

The  various  applications  of  drainage  on  a  large  and  a  small  scale 
in  connection  with  anti-malarial  sanitation  are  referred  to  in  the  follow- 
ing pages. 

Regulation  of  surface  waters. — The  chief  surface  waters  here  refer- 
red to  are  rivers,  streams,  irrigation  canals,  lakes,  marshes,  and  natural 
and  artificial  collections  of  water  of  all  kinds.  These  may  be  regulated 
so  as  to  prevent  inundation,  effect  their  drying  up,  or  by  putting  in 
motion  stagnant  or  nearly  stagnant  water.  Anophelines  specially  favour 
still  or  nearly  still  water. 

There  are  various  systems  of  dealing  with  large  surface  waters 
open  to  sanitary  and  irrigation  engineers.  We  will  here  deal  with  a 
few  of  the  more  important. 

Regulation  of  rivers  and  Streams.— This  is  an  important  factor 
in  all  general  systems  of  prophylaxis  of  malaria  in  India.  One  of  the 
most  important  measures  is  preventing  inundations,  which  in  endemic 
malarious  districts  give  rise  to  the  production  of  marshes  and  pools, 
and  so  to  an  enormous  extent  favour  the  occurrence  of  malaria. 

Methods  of  preventing  inundations  of  rivers.— Amongst  these 
methods  one  would  refer  to— vegetation  on  mountains  and  their  slopes  ; 
steps  ;  parapets  and  traverses  ;  repellents  ;  rectifications  and  deviations; 
settling  or  retaining  basins  ;  deviations  and  locks  ;  embankments  ;  works 
of  defence  against  washing  away  of  bed  ;  systematisation  of  the  mouths, 
i.e.,  weirs  or  lock.s,  or  dykes  in  the  sea. 

Woods  on  the  slopes  of  the  mountains. — These  retain  a  certain 
proportion  of  the  rainfall  and  yield  it  to  streams  by  slow  degrees. 
Disforested  mountains  at  every  heavy  fall  of  rain  permit  of  torrents 
descending  from  the  slopes  which  may  cause  excessive  inundations  of 
the  plains. 

Steps.— Steps  on  the  slopes  of  mountains  and  hills  materially 
lessen  the  velocity  of  the  fall  of  water,  and  when  the  slope  is  very 
precipitous,  their  construction  is  one  of  tlv^.  few  ways  in  which  overflow 
of  streams  below  can  be  prevented. 
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Traverses. — In  the  case  of  torrential  streams  and  rivulets,  by 
placing  obstructions  of  various  kinds  in  their  course,  the  force  of  the 
flow  is  much  lessened.  Traverses  have  been  used  for  this  purpose  for 
centuries.  They  are  usually  in  the  form  of  trunks  of  trees  and  their 
branches,  large  stones  or  any  other  available  form  of  obstruction.  They 
lessen  the  force  of  the  current  and  reduce  the  amount  of  ddbris  carried 
down.    Repellents  or  dams  operate  in  a  similar  way. 

Embankments. — To  prevent  inundations  of  rivers  embankments 
are  sometimes  constructed,  but  even  these  may  be  overtopped  and  the 
whole  of  the  neighbouring  country  more  or  less  submerged.  There  are 
in  India  a  large  number  of  small  rivers  and  streams  near  towns  and 
cantonments  that  overflow  their  banks  every  year  and  leave  anopheline 
breeding  places  which  last  throughout  the  malarial  season  and  then  dry 
up.  In  the  majority  of  these  a  certain  amount  of  embanking  would 
remove  this  very  widespread  source  of  breeding  grounds.  One  could 
refer  to  several  stations  where  complete  caualisation  of  streams  would 
effectually  remove  all  breeding  grounds.  The  same  holds  good,  with 
some  modifications,  in  regard  to  the  larger  rivers,  such  as  the  Ganges, 
Jumna,  Beas,  and  Ravee,  which  after  overflowing,  leave  extensive 
breeding  places. 

Settling  basins  and  locks.  —These  are  used  during  flood  times  ; 
they  operate  by  allowing  the  water  to  flow  into  reservoirs  in  such  a 
way  that  the  overflow  of  the  banks  of  the  river  is  prevented.  (Celli.) 

Paving  of  bed  of  rivers.— Pauiiifif  as  a  means  of  defending  the 
bed  of  the  river  from  being  washed  away  has  been  carried  out  in  a  few 
places  successfully.  It  is  carried  out  in  some  of  the  larger  irrigation 
canal  works  in  this  country,  and  it  is  a  method  applicable  to  a  large 
number  of  streams  that  dry  up  during  the  hot  weather,  but  which  form 
large  pools  during  and  after  the  rains. 

The  methods  of  preventing  the  inundations  of  rivers  are  dealt  with 
in  works  on  engineering,  and  have  an  important  bearing  on  the  epi- 
demiology of  Indian  malaria. 

In  the  case  of  small  streams  the  task  usually  resolves  itself  into 
renovating  the  bed  and  banks  so  as  to  remove  the  possibility  of  pools 
forming.  In  rivers,  also,  the  banks  should  be  seen  to,  so  that  side  pools 
cannot  arise. 

It  may  be  here  remarked  that  it  is  not  possible  to  keep  up  an 
exact  and  uniform  gradient  in  an  unrivetted  water-course  and  that  the 
kutcha  water  channels  of  most  of  our  Indian  stations,  by  favouring  the 
formation  of  pools,  create  many  breeding  places  for  anophehnes. 

Rough  canalisation  Of  rivers,  streams,  etc.-Attention  should 
be  criven  to  the  beds  of  rivers,  streams  and  discharge  canals,  ibis  may 
appear  at  first  sight  an  enormous  undertaking  in  connection  with  sucli 
rivers  as  the  Ganges  and  Jumna.    In  reality  it  is  not  so,  and  mosquito 
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gangs  are  practically  in  all  cases  sufficient  to  carry  out  the  work.  This 
consists  chiefly  of  rough  canalisation  of  pools  that  are  left  by  the  contract- 
ing river  after  the  monsoons,  filling  up  small  hollows,  brushing  larvae 
over  on  to  the  sands,  keeping  any  larger  pools  which  cannot  be  drained 
free  of  grass  and  weeds,  and  the  latter  from  the  main  channel  of  the  river 
itself— all  within  half  a  mile  above  and  below  the  town  or  cantonments 
we  are  operating  on.  One  is  quite  confident  that  such  measures 
carried  out  in  connection  with  Indian  rivers  near  towns,  stations,  and 
cantonments  would  reduce  the  anopheline  population  in  those  places. 
In  the  case  of  all  larger  rivers  the  work  has  to  be  continuous  from  the 
time  they  commence  contracting  until  the  flood  time  of  the  ensuing 
year.  The  number  of  men  required  will  rapidly  lessen  as  the  river 
dwindles  until  a  few  are  capable  of  doing  all  that  is  necessary.  After 
heavy  rains  the  work  will  often  be  laborious.  Were  the  beds  of  our 
Indian  rivers  properly  canalised,  embanked,  and  kept  within  definite 
limits  in  towns  and  cantonments  as  they  are  in  Europe,  all  this  would 
be  unnecessary. 

By  rough  canalisation  one  means  the  collecting  of  the  stones  or 
mud  on  each  side  of  streams,  ditches  and  water  channels  generally, 
so  as  to  confine  the  water  channels  within  the  two  sides  of  a 
limited  surface,  or  deepening  the  beds  here  and  there  when  neces- 
sary, in  order  to  remove  marginal  pools  and  to  give  a  straight  and 
constant  flow  of  water.  Such  work  should  be  commenced  each  year  at 
the  end  of  the  rainy  season  in  order  to  remove  the  stagnant  pools  which 
might  breed  mosquitoes.  Work  of  this  kind  in  the  lower  parts  of  the 
streams  may  of  course  be  carried  away  during  flood  times.  Rough 
canalisation  of  rivers  and  water-courses  generally  has  a  wide  application 
in  the  removal  of  breeding  places  of  anophelines  in  this  country.  It  is 
work  that  can  be  readily  carried  out  if  the  right  class  of  men,  nialis 
and  agricultural  labourers,  are  employed. 

Ditches.  It  is  often  feasible  to  regulate  all  the  ditches  of  a 
locality  by  embanking  and  deepening  them,  or  better  by  carrying  away 
their  perennial  rain  water  in  drains,  and  adapting  the  ditches  for  the 
reception  of  storm  water.  If  these  ditches  were  paved,  at  least  in  some 
parts,  the  work  would  be  more  lasting  and  certainly  very  generally 
much  more  useful. — (Celli.)  " 

Another  method  may  be  employed  where  springs  at  the  foot  of  hills 
give  rise  to  marshes  and  maintain  a  high  ground  water  level,  Rain- 
water collecting  between  the  soil  and  the  underlying  earth  descends 
towards  bottom  of  hills,  and  increases  the  size  of  springs,  which,  collect- 
ing in  hollows,  form  marshes.  For  these  a  circular  trench  is  made 
round  the  base  of  the  hills  which  intercepts  the  water.  Other 
trenches  then  carry  the  water  into  larger  ones,  until  they  finally  dis- 
charge into  a  stream  or  a  river.  When  there  are  a  number  of  springs 
It  IS  advisable  to  endeavour  to  connect  them  and  form  one  large  sprini, 
otherwise  they  form  several  small  pools  of  water  which  are  specially 
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prized  by  auophelines  as  breeding  places.  The  rate  of  flow  in  bodieB 
of  moving  water  has  an  important  influence  on  the  breeding  of 
mosquitoes.  Celli  has  shown  tliat  a  velocity  of  63  mm.  per  second  is 
compatible  with  the  presence  of  larvae  of  anophelines. 

Anophelines  will  be  found  to  breed  especially  in  sluggish  running 
streamlets  or  rain-water  runnels,  in  stagnant  terrestrial  waters,  amongst 
weeds  and  grass,  in  pits  or  holes  in  the  ground,  hollows  in  rocks,  in 
ponds,  cisterns,  and  not  in  rapidly  running  rivers  and  streams. 

Banking  of  lakes.— Xa/ces  with  shallow  pools  around  may  be 
deepened  and  banked,  and  the  banks  kept  clear  of  grass  and  weed. 

Marshes,  swamps,  jheels- — The  question  of  the  best  way  of  dealing 
witli  marshes  and  places  simulating  marshes  by  anti-malarial  measures 
is  probably  one  of  the  most  formidable  we  have  to  encounter — it  is 
never  easy  ;  it  is  usually  a  serious  undertaking.  There  are  various  ways 
in  which  we  can  approach  the  subject  of  marshes  with  the  view  to 
lessening  their  evils  or  doing  away  with  them. 

The  easiest  method,  when  practicable,  is  that  of  cutting  discharging 
canals  which  have  a  sufficient  fall  into  some  water-course  or  depression. 
This  is  one  of  the  most  important  and  most  economical  ways  of  dealing 
with  them.  In  the  case  of  the  Agro  Romano  the  latter  was  divided  into 
basins  and  the  proprietors  of  the  land  united  together  to  open  canals 
for  the  discharge  of  the  stagnant  water.  One  of  the  difficulties  in 
connection  with  such  canals  is  their  maintenance  in  proper  condition, 
and  the  removal  of  vegetation  which,  from  marsh  lands,  is  very  luxuriant 
and  so  blocks  them.  The  silting  up  also  leads  to  obstruction,  especially 
when  there  is  not  a  good  fall. 

In  many  marshes  a  small  amount  of  drainage  work  in  the  shape 
of  setting  free  different  collections  of  water  by  cuttings  (which  can 
be  made  by  half  a  dozen  men)  all  round,  and  in  different  directions, 
are  often  most  useful  in  decreasing  the  breeding  area  for  mos- 
quitoes. It  may  be  possible  to  drain  even  large  collections  in  this 
way  into  the  natural  direction  of  the  flow,  or  smaller  collections  may  b3 
drained  into  larger  ones.  It  is  also  possible  to  fill  in  many  of  the 
irregularities  with  earth,  and  so  again  lessen  the  area  of  the  water 
surface. 

Circumvallatory  drains. -In  the  case  of  large  marshes  the  hiter- 
cepting  or  circumvallatory  drains  are  preferable  to  cutting  channels 
through  or  across  them -the  are  cheaper  and  more  effective. 

Covering  marshes  with  alluvium.— This  fundamentally  consists  of 
covering  lowland  with  mould.  A  river  near  at  hand  is  allowed  to  flow 
over  malarious  land,  and  there  deposits  a  considerable  amount  of  mud, 
and  thus  by  utilising  periods  of  flood,  an  area  is  gradually  covered  with 
a  stratum  of  rich  mould  which  has  been  washed  down  from  higher  land. 
This  ingenious  method  has  reclaimed  various  malarious  marshes  in 
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Italy,  and  is  to  some  extent  applicable  to  certain  districts  in  India,  such 
parts  of  the  valley  of  the  Indus,  Ganges,  Brahmaputra,  etc.  This 
system  of  natural  covering  has  been  extensively  employed.  It  takes 
long,  sometimes  centuries,  but  the  results  are  positive  nnd  satisfactory. 
While  this  natural  covering  process  is  going  on,  the  injurious  effects  it 
produces  have  been,  and  are,  complained  of.  A  typical  instance  in  which 
this  method  is  applicable  is  the  Bela  land  below  the  Fort  and  Daryaganj 
Cantonment  in  I)elhi,  but  it  would  take  many  years  to  accomplish,  and 
in  the  meanwhile  ma'aria  would  be  continuous. 

Absorbing'  wells. — In  some  places  ahsorhing  ivells  have  been  sunk 
to  receive  and  drain  underground  water.  These  are  specially  useful  in 
places  where  the  underground  stratum  consists  of  gravel,  pelsbles,  etc., 
which  allows  of  percolation.  When  the  impermeable  stratum  is  bored 
in  many  points,  the  level  of  the  underground  water  is  lowered 
considerably,  because  a  great  part  of  it  disappears  in  the  underlying 
earth. 

Machine  pumps,— For  marshes  in  the  form  of  morasses  and  bogs, 
viachine  immps  have  been  used  to  exhaust,  or  put  in  motion,  subsoil 
waters  that  have  no  natural  outlet. 

Artificial  covering  with  earth  is  of  limited  application  and  useful 
only  in  small  marshes,  for  excavations  in  the  form  of  borrow-pits,  and 
all  small  hollows  and  irregularities  of  the  surface  howsoever  created. 

Rubble  drains. — These  are  useful  in  lowering  the  level  of  the 
subsoil  water.  A  channel  of  requisite  depth  cut  through  or  around  a 
marsh,  is  filled  with  stones — large  stones  at  the  bottom,  smaller  ones  on 
top.  These  are  identical  in  principle  to  the  subsoil  drains  used  in 
certain  parts  of  Ireland  and  other  countries  of  Europe.  When  water 
percolates  through  the  interstices  of  the  stones,  it  carries  away  silt 
automatically  and  prevents  the  growth  of  grass  and  weeds.  In  certain 
localities  these  form  excellent  drains.  Broken  stones,  clinker,  and  peb- 
bles, are  very  useful  for  this  purpose.  In  the  Roman  Campagua  tufa  in 
large  blocks  is  used.  These  blocks  are  placed  one  along  each  side  and 
another  on  the  top  so  as  to  enclose  a  triangular  space  in  the  trench, 
which  acts  as  a  drain.  Large  pebbles  may  also  be  thrown  into  the 
bottom  of  the  drain  so  formed  (Celli  . 

By  such  a  system  of  drainage,  or  some  modification  of  it,  extensive 
areas  may  be  successfully  kept  dry  ;  indeed  there  are  vast  tracts  in  the 
Enghsh  Fens,  in  France,  and  Germany  that  have  been  rendered  healthy 
and  non-malarious  in  this  way.  Such  a  system  of  subsoil  drainaoe  is 
largely  applicable  in  certain  towns,  stations  and  districts  in  India,  where 
there  is  a  high  subsoil  water  level. 

Drainage  by  exhaustion— "  Extensive  works  have  been  carried 
out  during  late  years  for  the  drainage  of  large  marshes  in  Italy  such  as 
those  oi  Ostia  and  Maccarese.    For  this  hydroiorous  machines  were 
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used.  The  idea  of  this  drainage,  which  is  also  called  draivacje  by  ex- 
haustion, is  very  simple  and  ingenious.  It  is  employed  for  marshes 
whose  bottom  is  iu  some  parts  below  the  level  of  the  sea,  consequently 
it  is  not  possible  to  cut  ordinary  discharging  canals,  there  being  absolutely 
no  fall  for  the  water.  " 

These  machines  raise  the  water  which  is  at  a  low  level,  and 
discharge  it  into  the  water  at  a  higher  level ;  both  are  then  conducted 
to  the  sea  by  means  of  an  ancient  emissarium  which  formerly  only 
conveyed  the  high  water  of  the  basin  to  the  sea.    The  water  from  the 
periphery,  which,  in  its  turn  would  go  to  the  bottom  of  the  basin,  is 
kept  back  and  carried  away  by  canals,  which  thus  separate  the  high 
water  from  the  low.     Both  waters  re-unite  at  the  emissarium,  which 
conveys  them  to  the  sea.    From  the  hygienic  point  of  view  such 
work  has  not  up  to  the  present    been  of    much  advantage.  The 
filling  up  of  deep  lying  ditches  and  basins  (It.  colmata,  from  Fr. 
kolmcitage)  was  practised  as  sanitary  improvements  for  reclamation 
of  the  land.    "  These  were  seldom  carried  out  directly  for  the  sake 
of  husbandry,  but  usually  by  permitting  an  inflow  of  water  from 
the  next  stream  or  the  sea,  which  is  allowed  to   sedimentate,  the 
process    being  repeated  until   the    required    level    was   reached."  * 
Such  improvements  take  many  years  in  their  achievement.  The 
largest  works  of  this  kind  have  been  carried  out  in  Italy.  iMarsh 
writes  :  -  "  The  success  with  which  human  guidance  has  made  the  opera- 
tions of  nature  herself  available  for  the  restorations  of  her  disturbed 
harmonies  in  the  Valdi  Chiama  and  the  Tuscan  Maremma  is  among  the 
noblest,  if  not  the  most  brilliant,  achievements  of  modern  engineering, 
and  regarded  in  all  its  bearings,  it  is,  as  an  example,  of  more  importance 
to  the  general  interests  of  humanity  than  the  proudest  work  of  internal 
improvement  that  mechanical  means  have  yet  constructed.    The  opera- 
tions in  the  Valdi  Chiama  have  consisted  chiefly  in  so  regulating  the 
flow  of  the  surface  waters  into  and  through  it,  as  to  compel  them  to 
deposit  their  sedimentary  matter  at  the  will  of  the  engineers,  and 
thereby  to  raise  grounds  rendered  insalubrious  and  unfit  for  agricultural 
use  by  stagnating  water;  the  improvements  iu  the  Maremma  have 
embraced  both  this  method  of  elevating  the  level  of  the  soil,  and  the 
prevention  of  the  mixture  of  salt  water  with  fresh  in  the  coast  marshes 
and  shallow  bays,  which  is  a  very  active  cause  of  the  development  of 
malarious  influences." 

Submersion.— It  is  a  curious  but  well-known  fact  that  whilst 
marshes  are  completely  submerged,  they  may  be  non-malarious. 
Instances  of  marshy  places  known  to  be  excessively  malarious  having 
become  more  or  less  suddenly  healthy  are  very  common,  the  only  change 
occurring  being  that  the  marsh  has  become  flooded  with  water,  either 
naturally  or  artificially.    If  a  stratum  of  water  is  made  to  cover  a 

»NoTHANaia;s  Encyclopcedia  of  Medicine,  Vol.  ou  Malarial  Diseases,  p.  485, 
Edited  by  RoNAT,n  Ross  and  J.  W."  W.  Stephens. 
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malarious  site  so  long  as  the  water  remains  at  a  constant  level,  there 
will  be  brought  about  a  relative  improvement.  Submersion,  however, 
is  only  comparatively  beneficial.  When  other  methods  are  economically 
feasible  submersion  is  to  be  avoided.  The  conversion  of  a  malarious 
tract,  such  as  a  swamp,  into  a  lake,  is  a  sort  of  paradox  in  the  light  of 
our  present  day  views  of  malaria.  The  natural  covering  by  utilising 
the  inundations  of  rivers  is  a  real  natural  sanitary  measure  which 
eventually  leads  to  a  raising  of  the  soil  level  sufficiently  to  prevent  the 
formation  of  marshes. 

If  the  basin  to  be  filled  up  is  large  and  the  river  water  only  a  little 
muddy,  the  improvement  takes  place  very  slowly,  but  its  effects  are 
certain  and  definite.  There  are  many  instances  of  this  having  been 
carried  out  in  Italy.  In  Ostia  and  Maccarese  this  covering  was  very 
successful,  because  the  Tiber  which  flows  between  them  is  very  muddy, 
and  carries  down  a  large  amount  of  material  which  deposits. 


Regulation  of  irrigation  waters. — No  system  of  irrigation  is  com- 
plete unless  there  are  adequate  arrangements  for  the  discharge  of  the 
effluent.  In  many  instances  this  matter  is  left  unthought  of.  Once 
the  water  can  be  made  to  flow  over  the  fields,  whether  in  wet  cultivation 
or  dry,  the  effluent  is  left  to  make  its  own  way  out.  This  is  almost  the 
invariable  rule  in  the  irrigation  carried  on  from  wells  by  ryots  and 
from  many  irrigation  tanks.  The  result  is  that  there  is  always  a  certain 
degree  of  saturation  of  the  soil,  and  if  there  be  no  natural  water  channel, 
or  if  a  layer  of  impermeable  clay  be  a  short  distance  below  the  surface^ 
a  common  condition  in  India,  a  soil  saturated  with  water  is  the  result! 
This  is  one  of  the  great  causes  of  the  prevalence  of  fevers  in  agricultural 
villages  and  outskirts  of  towns  where  rice  is  the  main  crop,  for  such 
villages  are  always  adjacent  to  the  fields  themselves,  and  the  surface  soil 
of  the  village  is  kept  more  or  lees  constantly  moLst.  with  the  result  that 
the  existence  of  breeding  pools  for  anophelines  is  universal.  All  this 
could  be  obviated  by  proper  preparation  of  the  fields  for  the  reception 
and  subsequent  discharge  of  the  water  into  prepared  channels  The 
same  condition  arises  wherever  the  level  of  the  subsoil  water  is  raised 
from  any  cause.  In  some  irrigated  areas  there  are  waste  effluents  but 
there  are  extensive  tracts  in  which  no  such  effluents  exist.  It  has  been 
suggested  that  if  the  water  from  irrigation  channels  can  be  kept  flowing 
at  a  certain  rate  over  the  fields,  mosquitoes  would  be  prevented  from 
breeding  m  them.  Whether  this  would  act  efficiently  or  not  could  be 
readily  put  to  the  test  in  irrigated  rice  and  sugar-cane  fields. 

Whenever  any  irrigation  works  are  carried  out,  or  any  works  which 
will  increase  the  amount  of  water  in  the  soil,  it  is  necessary  to  simul- 
taneously carry  out  adequate  subsoil  water  drainage  to  remove  the 
effluent.  Neglec  of  this  in  India  will  invariably  be  associated  with 
increased  malarial  eudemicity  in  all  newly-irrigated  districts 
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The  subsoil  water  level  may  be  raised  by  various  circumstances, 
amongst  these — rain  ;  drainage  from  surrounding  country,  adjacent  or 
remote ;  blocking  up  of  the  outlets  of  water-courses  ;  and  pressure  from 
water  in  adjacent  lakes,  tanks,  or  rivers,  especially  if  these  are  above  the 
level  of  the  locality  under  consideration  ;  overflow  of  the  banks  of  rivers, 
etc.  The  method  of  lowering  to  be  adopted  will,  naturally,  depend  upon 
the  cause  which  has  raised  the  level  of  the  subsoil  water. 

The  existence  of  irrigation  in  the  Lahore  Cantonment  was  supposed 
to  be  the  cause  of  failure  of  the  anti-malarial  measures  carried  out  by 
S.  P.  James  and  Chkistopueks  in  the  years  1902—06     James  and 
Christophers  have  described  the  results  of  the  anti-malarial  operations  at 
Mian  iMir,  which  were  carried  out  persistently  for  two  years.    The  result 
was  a  failure  to  make  any  material  impression  on  the  malarial  intensity 
among  the  troops  of  that  cantonment.    Every  effort  was  made  to  destroy 
larvEe  in  the  irrigation  canals  in  a  section  of  the  cantonment  to  a  large 
extent  isolated  from  the  rest.    The  authors  attribute  the  want  of  success, 
not  so  much  to  the  fact  that  larvae  were  not  destroyed,  for  they  were  in 
myriads,  but  to  the  fact  that  "  anophelines  filtered  into  the  cantonment 
from  villages  a  mile  or  two  away."    This  was  an  unexpected  event,  and 
contrary  to  all  previous  knowledge  of  the  flight  of  mosquitoes.  Among 
their  conclusions  are  :— That  "  (1)  it  is  easy  enough  to  destroy  larvae  in 
millions,  and  to  do  away  with  hundreds  of  breeding  places,  but  it  by  no 
means  follows  that  malaria  is  diminished  or  adult  anophelines  banished, 
and  the  success  of  operations  on  a  large  scale  is  still  very  doubtful ;  (2) 
the  idea  that  by  destroying  breeding  places  around  a  barrack,  prison,  or 
other  building,  a  reduction  in  malaria  is  likely  to  result,  requires  more 
critical  study  before  it  can  be  accepted ;  (3)  the  occasionally  reported 
cases  where  a  mosquito  brigade  has  rid  a  town  of  malaria,  we  have  no 
hesitation  in  challenging  as  absurd." 

Storage  irrigation  tanks.— These  can  be  cemented  or  lined  from 
edge  to  bottom  with  large  stones  embedded  roughly  in  earth.  This  is  a 
form  of  work  at  which  mosquito  brigade  gangs  are  experts.  Tanks  of 
this  kind  are  dispersed  all  over  rural  India,  especially  in  the  Deccan, 
When  neglected,  allowed  to  collect  water  weeds,  long  grass,  and  reeds, 
they  are  veritable  nurseries  for  anophelines.  On  a  small  scale  cisterns 
for  storing  irrigation  water  ai  e  used  in  public  and  private  gardens  ;  these 
should  be  made  pucca  and  covered  to  prevent  the  access  of  mosquitoes. 

All  engineering  and  other  works  which  tend  to  raise  the  subsoil 
water  level  in  a  locality,  which  has  all  the  factors  for  engendering 
malaria  in  it,  are  likely  to  convert  such  a  place  into  a  highly  malarious 
one.*  This  remark  holds  good  regarding  railway  embankments,  all 
large  building  undertakings,  barracks,  industrial  workshops  and  factories, 
extension  of  towns,  erection  of  villages,  etc.  In  the  construction  of 
railway  lines  engineers  should  specially  avoid  interfering  with  the 
natural  drainage  of  the  subsoil. 

«  This  subject  has  been  dealt  with  in  Part  I,  Epioemtoi.ogy,  p.  33  et  seq. 
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Any  neglect  in  connection  with  the  filling  up  of  excavations, 
borrow-pits,  is  dangerous— these  should  at  least  be  drained  before  being 
finally  quitted  by  workmen. 

With  the  view  to  decreasing  borrow-pits  as  a  source  of  anophelines, 
it  has  been  suggested  that  material  for  road-making  be  taken  about  20 
feet  from  the  edge  of  the  proposed  roadway  which  gives  a  wide  berm. 
Draining  of  borrow-pits  is  said  to  be  objectionable  from  an  engineering 
point  of  view  as  running  water  tends  to  scour  out  the  foundations  of  the 
roads.  There  is  but  little  to  support  such  a  view.  The  object  of  such 
drainage  is  to  do  away  with  borrow-pits  and  their  consequent  collections 
of  stagnant  water ;  it  has  nothing  to  do  with  the  general  drainage  of  the 
neighbouring  country.  With  such  drains  the  borrow-pits  would  dry 
up  and  cease  to  be  what  they  are  now,  nurseries  for  mosquitoes. 
A  small,  properly  graded  drain  along  the  side  of  roads  is  sufficient  for 
the  drainage  of  the  road  itself.  The  remedy  for  roadside  borrow-pits 
appears  to  be  in  the  construction  of  graded  katcha  drains  in  all  the 
borrow-pits  now  in  existence  at  the  sides  of  roads.  These  should  have 
an  oval  bottom  and  be  about  one  foot  in  diameter  and  nine  inches  deep. 
Such  a  system  would  remove  the  present  risks.  It  would  be  more 
economical  than  grading  the  whole  of  the  borrow-pits  and  cheaper  in 
the  up-keep. 

Attention  to  water  channels. — Water  channels  require  regular 
clearing  of  grass  and  weeds  and  when  katcha,  regular  grading  and  level- 
ling. The  best  laid  drain,  in  places  where  the  fall  is  small,  will,  after  a 
few  months,  if  not  kept  clear  of  silt,  grass,  and  weeds  regularly,  become 
choked  with  sediment  and  vegetation.  A  simple  clearing  during  the 
anopheline  season  is  not  sufficient;  it  should  be  carried  out  every 
fortnight  or  at  least  once  a  month,  the  more  frequently  the  less  labour 
each  time. 

Tanks. — A  large  number  of  tanks  and  excavations  form,  as  it  were, 
centres  of  gravity  for  all  surface  waters  falling  in  their  vicinity  ;  rain- 
water runnels  may  be  seen  fissuring  various  part.?  of  their  perimeter. 
To  obviate  this  until  such  tanks  can  be  filled  up,  katcha  intercepting 
drains,  as  shallow  as  is  consistent  with  efficiency,  should  be  dug  round 
them  and  the  water  conveyed  in  the  direction  of  the  natural  fall  of  the 
land ;  or,  if  at  hand,  into  artificial  drains.  In  towns  and  canton- 
ments when  tanks  are  about  to  be  filled  in,  some  arrangement 
should  be  made  in  connection  with  these  katcha  intercepting  drains  to 
allow  refuse  cart&  (when  dry  refuse  is  being  used  for  filling)  to  reach  the 
tanks— old  spare  iron  pipes  placed  at  the  bottom  and  covered  with  earth 
will  answer  the  purpose.  When  the  tank  is  itself  filled  up,  the  inter- 
cepting drains  should  also  be  abolished  before  the  work  is  finally 
quitted.  A  number  of  tanks  and  borrow-pits  have  shallow  and  deeper 
parts ;  where  the  work  of  complete  filling  up  cannot  be  carried  out, 
the  shallower  parts  should  be  filled  up.    This  would  give  a  smaller  area 
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of  water  surface  for  anophelines  to  breed  in,  the  deeper  parts  being  taken 
in  band  when  funds  for  the  purpose  can  be  spared.  Deep  waters  are 
not  favoured  by  anophelines. 

Dry  refuse  for  filliag  tanks  and  borrow-pits.— There  are  many 
small  and  large  tanks,  and  collections  of  surface  water  generally,  forming 
breeding  places  of  anophelines  in  and  around  towns,  stations  and  can- 
tonments, that  could,  without  risk  to  health,  be  filled  up  with  dry  refuse. 
This  should  not  be  done,  however,  when  such  excavations  are  within  100 
yards  of  villages  and  within  200  yards  of  bungalows  and  barracks. 
Stable  refuse  will  form  breeding  places  for  flies  unless  special  care  be  . 
taken  to  render  it  uninhabitable  to  maggots.  The  best  way  to  do  this 
is  to  keep  the  refuse  dry.  In  all  cases  the  final  levelling  should  be 
carried  out  with  a  layer  of  earth  several  inches  deep.  When  filling  up 
large  excavations  with  dry  refuse  is  decided  upon,  the  work  should  be 
carried  out  systematically,  beginning  during  the  cold  weather,  and, 
where  possible,  completing  the  work  before  the  onset  of  the  ensuing 
rainy  season.  Tf  the  capacity  of  the  excavation  is  too  large  to  com- 
plete the  filling  and  levelling  before  the  rains,  it  should  be  divided  up 
into  sections  by  one  or  more  katcha  bands  or  mud  walls,  and  each 
section  taken  in  turn,  the  object  being  to  prevent  decomposition 
and  fermentation  through  admixture  with  water.  The  earth  for  these 
hands  may,  if  there  is  no  rising  ground  in  the  neighbourhood,  be  taken 
from  the  margin  of  the  excavation. 

The  shallower  parts  of  tanks  and  excavations  that  retain  water 
should  always  be  taken  in  hand  first— the  deeper  parts  should  be  taken 
up  finally,  each  part  being  finished  before  the  next  is  started  and  before 
the  rains  begin.  If  the  deeper  parts  contain  water  it  should  be  baled 
out  before  the  filling  is  begun.  A  large  number  of  tanks  could  in  this 
way  be  filled  up  and  levelled  at  a  comparatively  small  cost,  and  in  places 
where  there  is  little  or  no  earth  and  draining  is  impossible,  this  is  the 
only  way  available  without  inordinate  cost. 

The  length  of  time  it  takes  to  fill  tanks  and  borrow-pits  generally 
with  day  refuse  is  readily  calculated  by  ascertaining  their  capacity 
togethei  with  that  of  the  amount  of  dry  refuse  available  daily. 

A  large  number  of  tanks  and  excavations  are  fairly  deep  in  some 
parts  especially  near  the  middle,  and  shallow  towards  the  banks.  The 
shallow  parts  retain  water  for  a  few  months  after  the  rains  and  gradually 
drv  uiD  These  shallow  parts,  especially  when  pools  are  left  in  them, 
are  much  favoured  by  mosquitoes  for  laying  eggs  in.  In  these  cases 
when  the  process  of  filling  up  the  tank  cannot  be  carried  out  at  once,  it 
may  be  taken  in  hand  by  stages.  If  the  bed  of  the  shallower  parts 
were  raised  a  foot  or  so  and  properly  levelled,  these  parts  would  cease  to 
hold  water.  The  bed  of  the  deeper  parts  may  then,  when  funds  are 
available,  be  raised  to  the  level  of  the  shallower  parts. 
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Most  tanks  that  are  uniformly  deep  are  not  used  as  breeding  places 
by  anophelines,  and  it  is  necessary  to  state  that  if  such  tanks  are  only 
partially  filled  up,  by  being  made  shallower,  they  may  be  converted  into 
nurseries  for  anophelines.  Hence  deep  tanks,  unless  known  to  breed 
anophelines,  may  in  a  large  number  of  instances  be  allowed  to  remain, 
the  banks  Iseing  made  abrupt  and  the  edges  kept  free  from  grass 
and  weeds. 

Lowering  the  level  of  the  general  surface  for  filling  excavations.— 

In  many  instances  excavations  may  be  filled  up  by  lowering  the  general 
level  of  the  surrounding  area  for  several  inches.  In  a  large  number  of 
places  on  the  plains  the  soil  is  a  sandy  alluvium  and  moderately 
porous,  so  that  a  superficial  reduction  of  the  level  is  not  likely  to  allow 
water  to  collect  long  enough  to  permit  ova  of  anophelines  breeding 
into  imagines.  Where  this  is  done,  however,  strict  supervision  is  neces- 
sary to  ensure  that  such  lowering  is  quite  uniform  and  that  no  pits  or 
irregularities  of  the  surface  are  created.  Before  the  work  is  finally 
quitted  it  should  be  seen  that  the  whole  of  the  surface  of  the  newly- 
created  depressions  is  quite  level. 

The  filling  up  of  tanks  and  borrow-pits  is  one  of  the  most  import- 
ant anti-mosquito  measures  required  in  and  around  Indian  towns, 
villages,  and  cantonments.  Such  excavations  are  one  of  the  most  fertile 
sources  of  mosquitoes  in  this  country.  In  some  instances  where  there  are 
a  number  of  borrow-pits,  some  small  and  shallow,  others  large  and  deep, 
adjacent  to  one  another,  the  smaller  might  be  drained  into  the  larger, 
or  the  smaller  ones  filled  up  from  the  larger  ones,  and  the  latter  treated 
as  isolated  breeding  grounds— the  banks  being  made  abrupt  and  the 
edges  kept  free  from  aquatic  vegetation. 

Creating  borrow-pits  to  be  strictly  interdicted.— It  is  urgently 
necessary  that  the  excavation  of  earth  for  building  or  other  work  should 
be  rigidly  prevented  within  a  thousand  yards  of  towns,  villages  and  can- 
tonments. The  construction  of  houses  should  not  be  considered  complete 
until  every  excavation  created  has  been  filled  up  and  properly  levelled 
The  earth  required  for  such  buildings  should  not  be  excavated  within 
1,000  yards  from  towns,  etc.  Slight  depressions  of  the  general  surface 
irregularities  in  surface  drains,  and  shallow  pits  and  hollows  which  lodge 
water  only  for  a  short  time  after  the  rains,  should  all  be  abolished  as 
they  serve  as  breeding  places  for  at  least  one  or  two  generations  of 
anophelines.  It  is  important  that  these  early  generations  be  prevented 
as  the  thousands  they  give  rise  to  at  the  beginning,  become  hundreds  of 
millions  during  the  latter  part  of  the  breeding  season. 

Garden  cisterns—Where  the  beds  of  the  gardens  are  fed  by  drains 
from  well  cisterns,  these  drains  should  be  pucka^  all  waste  drains  frin 
gardens  should  also  be  pucka  and  empty  into  the  branch  and  sub-mah 
drain.    The  puddles  formed  by  the  waste  waters  from  gardens  are  a 
prolific  source  of  malaria-bearing  anophelines.    When  thit  cannorbe 
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carried  out,  then  either  the  cisterns  should  be  covered  with  mosquito- 
proof  material,  or  the  cisterns  should  be  completely  emptied  once  a, 
week  during  the  mosquito  season,  and  where  the  supply  of  water  is 
limited  and  does  not  permit  of  this,  the  surface  of  the  water  should  be 
treated  with  a  mixture  of  equal  parts  of  pesterine  and  kerosine  oil  on 
two  consecutive  days  weekly  during  the  malarious  season. 

Other  domestic  water  containers  and  all  domestic  supplies  of  water, 
such  as  those  in  chatties,  kerosine  oil  tins,  etc.,  should  be  provided  with 
mosquito-proof  covers,  or  emptied  at  least  once  a  week  and  kept  empty 
for  several  hours  during  the  daytime.  All  buckets  for  water  in  case  of 
fire  accidents  should  be  emptied  once  a  week  or  treated  in  the  same  way 
with  kerosine  oil  and  pesterine.  In  refilling  these  water  containers  it 
should  be  seen  that  mosquito  larvas  are  not  introduced  with  the  fresh 
supply  of  water.  One  has  on  three  diflerent  occasions  found  the  larvae 
of  Nys.  stephensi  in  chatties. 

Disused  wells.— Many  unoccupied  bungalows  have  wells  out  of 
use  These  sometimes  swarm  with  culicines,  and  occasionally  in  them 
Nys.  stephensi  breeds  prolifically.  A  pail  of  water  thrown  around  the 
linincr  of  the  well  may  succeed  in  driving  out  some  of  the  adults  who 
are  Usually  resting  on  the  wells.  All  such  walls  should  be  provided 
with  mosquito-proof  covers.  All  permanently  disused  wells  should  be 
covered  with  some  solid  material  such  as  reinforced  concrete.  Wells 
that- are  in  constant  use  do  not  breed  mosquitoes. 

Brick  Factories.— In  a  number  of  towns  and  cantonments  there 
are  brick  factories  either  within  municipal  or  cantonment  limits,  or 
iust  outside  these  limits,  the  borrow-pits  of  which  form  breeding 
places  for  anopbelines  during,  and  for  a  few  months  after,  the  rainy 
season  No  brick  factory  should  exist  withir,  1,000  yards  of  nauni- 
cipal  or  cantonment  limits,  and  in  selecting  sites  for  brick-kilns, 
even  at  this  distance,  the  possibility  of  future  extension  of  these 
limits  in  the  direction  of  the  site  chosen  should  be  borne  in 
mind  The  building  of  houses  and  huts  with  pucka  bricks  made  m 
selected  sites,  instead  of  sun-burnt  ones  made  on  the  spot,  wou.d  to  a 
large  extent  do  away  with  the  creation  of  tanks. 

Grass  Farms.-No  land  within  400  yards  of  n^unicipal  or  canton- 
ment limits  should  be  used  for  grass  farms,  when,  with  n  jO^^  J^^ds  ot 
tTe  grass  land,  there  are  collections  of  water  known  to  be  breeding 
grounds  of  anophelines.  The  grass  in  the  latter  ^^'^ Zt\r:ed- 
Irown,  affords  rest  and  shelter  to  anophelines  ^^f^feii  e^^^^^^^ 

ing  grounds  to  feed  on  man,  and  again  when  return  ng  ^  lay  then  eg g^ 
Gris  farms,  as  such,  have  no  connection  ^^^b  xnalaria   but  w^^^^^^ 
grass  land  is  near   both  breeding  places  and  inhabited  localities,  it 
favours  anophelines  and  through  them  malaria  is  disseminated. 

Thatch  roofs -Thatch  should  not  be  used  for  roofs  of  houses. 
They  hafbour  anopheline.  during  the  malarious  season,  and  in  many 
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cases  also  serve  as  places  in  wliich  they  may  either  hibernate  or  uestivate 
during  non-breeding  seasons.  Tiles  are  decidedly  preferable.  It  is  well 
known  that  mosquitoes  during  the  rainy  season  are  much  more  numerous 
in  thatch  houses  than  tiled  ones. 


CULTIVATION  AND  ARBORICULTURE  AS  ANTI-MOSQUITO 

MEASUEES. 

Cultivation  of  the  soil.  —Until  the  discovery  of  the  malaria-mos- 
quito relationship,  there  was,  apart  from  the  use  of  quinine,  practically 
only  one  method  of  general  prophylaxis  of  malaria  in  operation  in  rural 
districts  amongst  civilised  nations,  that  of  cultivation  of  the  soil  in 
which  was  included  the  regulation  of  the  level  of  the  ground  ivater. 
The  latter  has  already  been  alluded  to  in  pp.  186 — 200.  Drainage  and 
cultivation  are  specially  applicable  to  areas  where  these  can  be  carried 
out  profitably.  Complete  and  permanent  drainage  of  malarious  land, 
that  will  not  repay  the  cost  of  draining  and  cultivating,  cannot  be 
recommended. 

In  a  general  way  it  would  appear  that  the  existence  of  proper 
cultivation  of  the  ground  and  malaria  have  from  the  earliest  times 
been  antagonistic  to  one  another;  in  regions  where  cultivation  has 
been  neglected  malaria  has  prevailed,  and  when  husbandry  has  been 
systematically  carried  out  in  malarious  places,  there  malarial  diseases 
greatly  decreased  or  completely  disappeared. 

In  general  terms  it  may  be  stated  that  all  the  more  approved 
methods  that  have  been  employed  on  a  large  scale,  and  that  have  stood 
the  test  of  time,  have  had  the  common  object  of  regulating  the  level 
of  the  ground  water  in  such  a  way  as  to  enhance  the  fertility  of  the  soil, 

"  History  teaches  that  if  man  has  frequently  sacrificed  himself  for 
the  redemption  of  unhealthy  places,  it  is  nevertheless  true  that  unhealthy 
lands  can  only  be  cultivated  at  the  risk  of  the  life  of  the  workmen 
and  the  substance  of  the  owner."  (Celli.) 

Levelling  and  ploug  ng — Levelling  and  ploughing,  etc.,  of 
land  under  cultivation  have  some  effect  in  reducing  malaria  by  making 
the  soil  more  permeable  to  water  and  preventing  the  formation  of  pools. 

Intensive  cultivation.— /7i^e7isu)e  cultivation,  which  is  best  re- 
presented by  the  rapid  rotatiun  of  crops  in  market  gardens,  has  rendered 
manyareas  less  malarious  and  in  some  cases  quite  eradicated  malaria. 
It  IS  also  the  most  profitable  where  it  can  be  brought  into  operation 
Land  which  ha«  been  under  cultivation,  when  long  neglected,  becomes  n 
focu«  of  endemic  malaria.  This  is  the  origin  of  part  of  the  malaria  in 
this  country.  J  he  same  happens  after  extensive  clearing  of  forests  when 
the  land  is  not  put  under  cultivation.  The  clearing  of'^forests  is  said  to 
be  responsible  for  the  increase  of  malaria  in  certain  parts.of  Mauritius. 
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Arboriculture  as  an  anti-mosquito  measure. -With  a  view  to 
drying  the  subsoil,  trees  have  been  planted  on  account  of  the  great 
activity  of  the  transpiratory  function  shown  by  growing  vegetation  and 
the  consequent  absorption  of  excessive  moisture  from  the  soil,  the 
number  of  trees  planted  being  in  proportion  to  the  needs  and  dimensions 
of  the  locality.  This  application  to  a  scientific  principle  has,  however, 
little  application  in  this  country,  but  when  employed  is  best  adapted 
to  soils  having  no  natural  subsoil  drainage,  as  usually  is  the  case  in 
flat,  low-lying  and  marshy  districts. 

Well-regulated  cultivation  of  the  soil  isalivays  healthy,  but  the 
beneficial  influences  following  the  planting  of  trees  have  been  extolled 
beyond  their  intrinsic  merits,  and  the  probability  is  that  such 
improvements  as  have  occurred  are  to  some  extent  also  due  to  simulta- 
neous levelling  of  the  soil  rather  than  to  the  drying  effect,  rapid  growth 
and  the  speedy  evaporation  from  trees.  In  this  country  such  ^plantations 
can  only  be  carried  out  on  a  comparatively  small  scale,  and  can  never 
be  successfully  applied  to  the  larger  districts  of  endemic  malaria. 

Special  plants  and  belts  of  trees. — The  most  useful  plants  for 
anti-malarial  arboriculture  are  those  which  grow  most  rapidly  under  the 
different  climatic  and  geological  conditions  met  with  in  this  country. 
In  the  cultivation  of  such  plants  on  a  large  scale,  however,  trees  which 
will  be  remunerative  should  be  chosen.  Pines  of  various  species  have 
also  been  used  and  recommended  in  this  country.  Casuarina  (G.  equise- 
tifolia)  and  Nim  (Azadirachta  indica)  are  the  most  useful  and  rapidly 
growing  trees  found  in  malarious  districts.  Chrysanthemum,  sunflower 
(HelianthiLs) ,  the  beautiful  plant  Canna  (N.O.  Scitamince),  castor  oil 
tree  (Ricinus  communis),  kiri  tree,  etc.,  also  act  in  this  way.  It  is 
possible  that  these  particular  plants  may  have  some  deleterious  influence 
on  the  life  of  the  mosquitoes,  but  most  authorities  consider  this  very 
doubtful. 

It  may  be  said  that  in  some  malarious  marshy  places  along  the 
banks  of  rivers,  deltas  and  shores,  disforesting,  levelling,  draining  and 
cultivation,  would  improve  them.  Cutting  down  trees  and  cultivation 
of  the  oricfiiial  site  of  these  trees,  has  rendered  certain  malarious  places 
healthy.  On  the  other  hand  it  is  a  well-known  fact  that  the  cutting 
down  of  copses  and  forests,  without  subsequent  judicious  cultivation  of 
the  denuded  area,  has  transformed  many  large  tracts  of  well-drained 
land  into  swamps  and  marshes.  Trees  should  never  be  removed  without 
thoughtful  consideration  as  to  the  advantages  and  disadvantages  of 
doing  so. 

Trees  in  belts  or  clumps,  or  even  heavy  shrubbery,  placed  between 
malarial  localities  and  human  habitations  have  constantly  been  known 
to  act  as  a  protective  agency  against  malaria.  They  are  natural 
interceptors  of  mosquitoes  from  their  breeding  grounds.  Large  plantations 
of  Bunflowers  have  been  reported  to  act  in  this  way,  but  their  efficacy  is 
very  questionable. 


One  of  the  beneficial  eflfects  of  the  blue  gum  {Eucalyptus  globulus) 
tree  was  supposed  to  arise  froui  certain  balsamic  exhalations.  One  has 
personally  seen  certain  species  of  Culex  in  swarms  around  quite  young 
blue  gum  trees  up  the  Huon  River  in  Tasmania  when  the  whole  air  was 
saturated  with  the  smell  of  these  trees.  None  of  the  preparations  of 
eucalyptus  are  of  any  use  either  curatively  or  prophylactically  in 
malaria. 

The  clearing  of  jungle,  brushwood  and  undergrowth  generally  from 
the  neighbourhood  of  inhabited  houses  is  a  useful  anti-mosquito  measure, 
as  all  jungle  of  this  sort  affords  rest  and  shelter  for  anophelines.  Such 
clearing  also  permits  of  more  rapid  drying  of  the  soil  by  the  effects  of 
the  sun. 

Eice-cultivation  should  not  be  allowed  within  a  mile  of  towns  or 
cantonments. 

MEASURES  FOR  THE  REMOVAL  OF  BREEDING 
GROUNDS  OF  MOSQUITOES. 

General  remarks. — In  the  campaign  against  mosquitoes,  larvae  in 
their  breeding  grounds  are  much  more  readily  attacked  than  the  fully 
developed  and  flying  insect.  Adult  anophelines  by  their  seclusion  and 
nocturnal  habits  evade  detection  in  many  ways,  and  can  never  be 
destroyed  wholesale.  Hence  in  all  anti-mosquito  measures  it  is  the 
breeding  places  of  mosquitoes  to  which  most  attention  is  given. 

One  of  the  factors  that  dominates  anti-mosquito  measures  of  the 
present  day  is  the  distance  of  flight  of  anophelines,  because  it  is 
the  area  within  the  normal  distance  of  their  range  of  flight  to  which 
we  direct  attention  in  endeavouring  to  effect  the  destruction  of  larvae 
and  abolish  the  breeding  grounds  of  mosquitoes.  It  must  be  frankly 
confessed  that  up  to  the  present  time  we  have  no  definite  knowledge 
of  this.  The  scientific  entomologist  who  investigated  this  question 
in  the  Panama  Canal  Zone  placed  the  limit  of  flight  at  200  yards^ 
and  on  the  basis  of  this  observation  all  anti-mosquito  measures  were 
originally  carried  out,*  but  later  they  were  based  on  a  400-yard  limit 
of  flight. t 

Certain  carefully  carried  out  observations  in  India  have  shown 
that  the  distance  of  flight  is  under  ordinary  circumstances  about  half 
a  mile— this  is  the  distance  laid  down  by  the  Malaria  Commission  of 
the  Royal  Society — but  it  has  been  shown  that  under  certain  (probably 
exceptional  and  abnormal  circumstances)  anophelines  may  fly  farther 
than  this.  It  has  been  suggested  that  during  the  intensely  cold  weather 
of  Northern  India  anophelines  may  yearly  migrate  southwards  en 

*  Journal  of  Tropical  Medicine,  15th  August  1908,  p.  251. 

t  Journal  of  the  Royal  Army  Medical  Corps,  September  1908,  p.  289. 
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masse,  to  return  when  the  meteorological  conditions  are  more  favourable. 
There  is  no  proof  of  this  and  facts  are  against  such  a  supposition. 

For  the  practical  application  of  anti-mosquito  measures  in  endemic 
malarial  areas  we  are  obliged  .  to  act  upon  some  limit  of  flight  of 
anophelines,  and  for  the  present  we  fix  that  limit  at  half  a  mile. 
The  number  of  anophelines  that  under  ordinary  conditions  operate 
in  the  dissemination  of  malaria  at  a  greater  distance  than  this  is 
probably  very  small. 

Marshes,  j heels,  irrigation  canals,  rivers,  etc.,  at  a  distance  from 
towns  and  cantonments  are  frequently  incriminated  as  factors  connected 
with  local  malaria  without  any  foundation  in  fact,  and  in  some  in- 
stances large  sums  of  money  have  been  wasted  in  endeavouring  lo  remove 
breeding  places  that  were  in  no  way  concerned  with  the  local  malaria. 

Removal  of  breeding  places  of  larvae. — The  most  efifectual  way 
of  decreasing  larvse  is  removal  of  their  breeding  places*  and  the  most 
comprehensive  way  of  carrying  this  out  is  lowering  the  ground  water 
level  by  drainage.  The  next  most  generally  applicable  method  is  that 
of  drainage  of  these  breeding  grounds  individually.  This  latter  is 
a  method  which  can  largely  be  employed  in  endemic  malarial  districts, 
often  without  any  costly  engineering  works.  It  is  also  a  method 
which  may  be  useful  in  large  areas. 

Many  districts  in  which  severe  endemic  malaria  prevails,  a  certain 
amount  of  drainage  on  a  small  scale  is  practicable  with  comparatively 
little  trouble,  although,  as  a  rule,  in  such  cases,  the  question  of  expense 
would  have  to  be  faced,  if  any  considerable  reduction  of  malaria  were 
aimed  at.  In  connection  with  these  localities  Celli  states  that  "  such 
methods  (drainage)  for  the  destruction  of  mosquitoes,  while  exception- 
ally soluble,  will  only  be  practically  so  when  economic  interests  desire 
it." 

The  abolishment,  complete  or  partial,  of  breeding  places  of  anophe- 
lines is  the  most  generally  useful  measure,  especially  in  isolated  towns, 
cities,  villages  and  houses.  In  such  places  all  house-holders  should  be 
responsible  for  the  absence  of  mosquito  breeding  places  from  their 
compounds  or  premises.  In  every  house  in  endemic  malarial  areas, 
efforts  should  be  made  to  abolish  all  breeding  places. 

Disused  springs  and  wells  should  be  covered  and  rendered  inac- 
cessible to  mosquitoes,  and  every  possible  collection  of  standing  water 
should  be  abolished  and  filled  iu.  The  banks  of  small  streams  should 
be  kept  properly  graded  and  cleared  of  grass  and  weeds,  so  that  no 
opportunity  occurs  for  water-logging  in  irregularities,  or  for  aquatic 
vegetation  thriving.  

»  -l>i,e  characters  of  the  various  bleeding  gioimds  of  the  different  species  of 
ujalaria'bea  ing  anophelines  met  with' in  tliis  country  have  been  dealt  with  in 
tTe  Sectiou  on  Anoi'IIEMNES,  p.  62,  ct  scq.,  to  wli.ch  the  reader  ,s  referred. 
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In  places  with  a  limited  number  of  breeding  grounds  and  a  small 
rainfall,  and  where  there  are  no  irrigation  canals,  the  doing  away  with 
breeding  grounds  is  a  comparatively  easy  task. 

«  A  year's  careful  study  of  the  breeding  grounds  in  the  suburbs 
of  Calcutta  showed  that  both  tlie  tanks,  and  still  more  the  unlined 
roadside  drains  aggregating  to  many  scores  of  miles  in  length,  also 
breed  abundant  anopheles.  It  is  quite  impossible  for  municipalities 
to  find  funds  for  lining  or  levelling  these  drains,  or  to  keep  them  conti- 
nuously kerosined  to  destroy  the  larvae  ;  the  attempts  to  do  so  having 
had  to  be  abandoned  in  urban  areas  in  Lower  Bengal,  while  they 
are  still  more  impossible  in  rural  areas  which  contain  the  vast  majority 
of  the  teeming  population  of  this  part  of  India."* 

Of  the  simpler  anti-mosquito  measures  the  most  comprehensive 
in  its  effects,  and  the  most  generally  useful,  is  that  of  doing  away  with 
all  stagnant  collections  of  water  in  the  neighbourhood  of  private 
dwellings,  villages,  towns,  civil  stations  and  cantonments,  by  filling  up 
hollows  and  irregularities  or  by  draining  them. 

Scooping  out  of  larvae  from  ponds,  etc — In  small  ponds  it  is 
sometimes  easy  to  deal  with  larvae  by  brushing  them  out  with  a  broom, 
or  scooping  them  out  with  a  tin  attached  to  a  long  handle  on  the  bank  to 
get  the  full  effects  of  the  direct  rays  of  the  sun  which  soon  kills  them. 
In  streams  with  pools  it  is  easy  to  brush  them  out  along  the  bank,  or 
drive  them  into  the  middle  of  the  stream,  where  fish  and  other  enemies 
may  assail  them.  Netting  larva3  is  a  laborious  process  and  on  the  whole 
cannot  be  recommended. 

Filling  up  of  "  borrow  "  pits.— The  filling  up  of  all  "borrow" 
pits  formed  by  excavating  earth  for  building  purposes  is  most  import- 
ant—these are  the  most  fertile  sources  of  breeding  ponds  and  pools 
of  anopheliues  around  inhabited  areas  in  India.  One  could  name 
several  large  Indian  cantonments  where  the  chief  breeding  grounds  of 
auophelines  are  old  and  recent  borrow-pits,  large  and  small,  formino- 
varying-sized  "tanks"  or  excavations.  The  creation  of  borrow-pits 
should  be  prohibited,  and  wherever  possible  they  should  be  filled  up 
flush  with  the  surface.  Where  there  are  a  number  of  small  borrow-pits 
and  one  larger  one,  the  smaller  might  be  filled  up  from  the  laro-er 
one,  and  this  latter  banked  up  and  dealt  with  as  an  isolated  feedfncr 
ground  until  such  time  as  it  could  be  filled  in. 

DESTRUCTION  OF  LARV^. 
Lakvicides. 

"  During  the  aquatic  stage  of  the  existence  of  mosquitoes  their 
powers  of  resistance  differs-the  eggs  are  moderately  resistant  the 
youngjan-ae  possess  very  little  power  of  resistance,  whereas  adult  larv« 
■  *  M„jor  Lkonaho  Kookks,  1.m£,  Fevers  of /he  Tropica,  p.  237. 
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especially  nymphs  are  very  resistant"  (Celli).  The  nymphal  period  is 
however  comparatively  evanescent. 

The  chief  agents  employed  as  larvicides  are  certain  vegetable 
products,  aniline  dyes,  and  kerosine  oil. 

Petrolege.  —The  process  of  petrolege  was  commenced  in  the  United 
States  of  America  by  0.  Howard  in  the  year  1892.  If  we  exclude  the 
abolishment  of  small  breeding  grounds  of  mosquitoes  by  drainage,  or 
filling  up  with  earth,  petrolege  is  probably  the  most  extensively 
employed  anti-mosquito  measure  in  this  country  at  the  present  day. 
The  total  amount  of  money  spent  on  kerosine  oil  for  this  purpose  is 
considerable. 

A  mixture  of  kerosine  oil  and  pesterine  is  the  most  useful  and  effici- 
ent larvicide  for  this  country,  and,  on  the  whole,  the  most  economical  for 
dealing  with  small  collections  of  water.  It  is  fatal  to  all  kinds  of  insects, 
and  is  harmless  to  vegetation. 

Effects  of  petroleum. — Petroleum  (and  all  oils)  act  mechanically 
only,  by  intercepting  the  air  from  larvae  which  need  atmospheric  oxygen 
Larv£E  under  normal  conditions  come  frequently  to  the  surface  to  breathe. 
The  stratum  or  layer  of  oil  prevents  any  interchange  of  air  in  the  larvae  ; 
the  openings  of  the  breathing  tubes  are  filled  with  the  oil,  the  larvae 
sink  from  removal  of  the  surface  tension,  and  are  suffocated  and  drowned. 
If,  however,  the  entire  surface  is  not  covered,  space  is  left  for  access  to 
air  by  larvae  and  they  survive.  Nymphae,  which  are  more  resistant 
to  chemicals  dissolved  in  water,  are  less  so  to  a  surface  covered  with 
oil,  and  die  sooner  than  larvae  under  this  circumstance.  This  is, 
as  would  be  expected,  as  they  need  more  oxygen  than  the  larvae,  and 
normally  they  have  to  come  to  the  surface  more  frequently  to  breathe 
than  larvje.  Ordinary  oils  acts  similarly  to  petroleum  and  kill  larvae  in 
ten  hours. 

On  applying  kerosine  oil  to  a  surface  of  water  it  diffuses  rapidly ; 
a  very  small  quantity  will  spread  over  a  comparatively  large  area.  The 
ordinary  three-gallon  tin  full  of  kerosine  oil  is  sufficient  for  an  area 
of  lOi)  yards  square,  or  10,000  square  yards.  This  proportion  should  be 
used  for  all  collections  of  water. 

In  the  case  of  larger  collections,  the  common  or  garden  watering-can 
with  a  rose  having  fine  perforations,  answers  well.  The  oil  is  to  be 
applied  uniformly  along  the  windward  side  of  the  pool  by  a  man,  the 
latter  walking  some  distance  into  the  water  if  it  is  sufficiently  shallow. 
The  sprinkling  should  be  done,  by  long  rapid  sweeps  of  the  can,  a  few 
steps  being  taken  after  each  sweep.  The  oil  diffuses  rapidly  and  that 
of  the  different  sweeps  will  soon  commingle  on  the  surface.  The 
thinnest  film  is  sufficient.  In  the  case  of  moats  around  towns  forti- 
fications an  ordinary  garden  syringe  will  be  sufficient  to  spread  the  oil 
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When  the  waterjis  deep  and  the  surfaoe  to  be  covered  with  oil  large, 
the  same  process  may  be  carried  out  from  a  small  boat  Canal  beds 
in  which  the  water  is  sluit  off  periodically  is  a  source  of  myriads  of 
anophelines  in  vast  tracts  in  India.  In  this  case  the  oiling  should  be 
done  after  eaoli  flow  of  water  through  the  channel,  or  an  automatic 
dropper  containing  kerosine  may  be  suspended  over  the  canal. 

Form  of  larvicide  recommended. — I  would  recommend  that  equal 
parts  of  pesteriue  and  kerosine  oil  be  used  to  replace  the  kerosine  oil 
now  almost  universally  employed.  It  should  be  used  on  two  consecutive 
days.  This  is  the  most  successful  larvicidal  mixture  in  use  at  the 
present  day.  It  is  employed  in  Ishmalia,  Cairo,  the  Panama  (-anal  Zone, 
and  has  been  extensively  and  successfully  used  by  the  Bombay  Muni- 
cipality. 

PesUrine  is  crude  petroleum  purchasable  from  Messrs.  Grraham 
&  Co.,  Bombay,  in  4-gallon  tins  at  Ke.  1-4-0  per  tin.  In  bulk  it  costs 
about  Rs.  40  a  ton.  As  a  larvicide  its  action  is  much  slower  than 
kerosine  oil.  One  great  advantage  of  it  is  that  its  colour  tells  us  whether 
it  has  been  properly  applied.  It  is  best  used  with  an  equal  part  of 
kerosine  oil.  It  is  best  applied  by  means  of  an  ordinary  garden 
spray.  In  this  way  the  liquid  may,  when  necessary,  be  caused  to  find 
its  way  among  grass  and  weeds  which  otherwise  break  the  continuity 
of  the  film  and  allow  larvae  and  pupae  to  escape  destruction.* 

In  connection  with  large  tanks  my  experience  is  that  applications 
of  kerosine  oil  are  quite  useless.  In  numerous  tanks  in  which  it  had 
been  used  during  the  preceding  24  or  48  hours,  one  has  found  anophe- 
line  larvse,  sometimes  in  large  numbers.  In  many  large  tanks  with 
steep  well-kept  banks  and  an  absence  of  water,  weeds  and  grass  where 
kerosine  oil  had  been  used,  one  has  failed  to  discover  anopheline  larvte. 
This  absence  was  not  due  to  the  kerosine  oil,  but  to  the  fact  that  ano- 
phelines, who  are  surface  feeders,  do  not  favour  deep  tanks  without  any 
form  of  vegetation. 

One  has  frequently  observed  that  kerosine  oil  is  of  little  use  except 
in  connection  with  small  surfaces,  pools,  and,  when  liberally  used  in 
artificial  collections  of  water.  One  has  repeatedly  dipped  "  successfully 
for  anopheline  larvae  in  places  that  had  been  recently  kerosined  Two 
constant  factors  are  in  operation  against  kerosine  oil  in  open  waters 
drifting  wind  and  evaporation.  ' 


success. 


Sulphate  of  iron  as  a  larvicide  has  been  tried  with  but  little 
ess. 


Permanganate  of  ^potassium  solution,  unless  in  a  hio-h  state  of 
concentration,  is  useless.  ^ 


IrdSf  KSwL''"  "'^^'"^  ^^"'^^y-       this  informa. 


tion  regarding  Pesterine. 
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In  practically  all  cantonments,  towns,  villages,  and  private  resi- 
dences, a  large  number  of  breeding  grounds  of  anophelines  can  be  got  rid 
of.  Where  small  collections  of  water  are  necessary,  as  in  garden  barrels, 
cisterns,  tubs,  buckets  with  water  for  extinguishing  fire,  the  use  of  some 
oil  is  necessary  twice  a  week.  Oiling  is,  however,  at  best,  only  a 
temporary  expedient,  and  must  be  systematically  renewed.  Where 
water  and  labour  are  plentiful,  emptying  of  artificial  collections  of  water 
and  exposure  of  the  containing  surface  to  the  sun  for  a  few  consecutive 
hours  once  or  twice  a  week  are  sufficient. 

Creosote  may  be  used  instead  of  oils,  but  it  is  more  expensive. 
A  preparation  known  in  the  market  as  Larvicide  has  acquired  a  reputa- 
tion in  the  West  Coast  of  Africa,  Italy  and  in  French  tropical  and 
subtropical  Colonies.    It  is  said  to  kill  all  larvae. 

The  best  time  for  destroying  larvae  is  the  winter  and  beginning  of 
spring,  when  they  are  fewer  in  number  in  the  water  and  new  genera- 
tions are  not  being  developed.  For  hibernating  larvas  two  applications 
of  oil,  one  at  the  beginning  and  the  other  near  the  end  of  the  cold 
season,  is  sufficient.  In  the  winter,  also,  wherever  adult  mosquitoes  are 
found,  they  should  be  killed. 

There  is  an  enormous  waste  of  kerosine  oil  in  the  way  it  is  usually 
employed.  One  has  seen  it  poured  straight  out  of  bottles,  and  from 
tin  pots.  When  used  for  small  collections  of  water  such  as  garden 
cisterns,  water  butts,  etc.,  a  small  water  can,  whose  spout  is  provided 
with  a  small  rose  with  very  fine  perforations,  is  required  ;  as  stated 
above  for  larger  collections,  such  as  ponds,  a  larger  can  and  a  rose  with 
slightly  larger  perforations,  may  be  used. 

As  our  knowledge  of  the  habits  of  mosquitoes,  of  the  localities  in 
which  and  the  time  during  which  they  lay  eggs,  increases,  we  will  be 
better  able  to  formulate  methods  to  effect  their  destruction,  but 
even  under  the  most  favourable  circumstances,  the  getting  rid  of 
anopheline  larvae  will  always  be  an  arduous  task  when  carried  out  on  a 
large  scale. 

The  tropical  aquatic  fern  called  "  Azollia "  has  recently  been 
recommended  as  a  remedy  against  larvae  in  their  breeding  grounds. 
This  is  said  to  have  the  property  of  "  spreading  so  rapidly  that  stagnant 
and  running  water  in  which  it  is  planted  is  completely  covered  in  a 
very  short  time."  Small  organisms  such  as  mosquito  larvae  which  require 
atmospheric  air  are  thus  cut  off"  from  the  air  and  suffocated  Aquatic 
arimals  proper  are  said  not  to  suffer  any  harm.  It  is  not  stated  whether 
it  is  easy  to  eradicate  the  fern  if  so  desired  subsequently.  It  grows 
pretty  freely  on  many  of  the  tauk^•  in  the  plains  of  India.  It  will 
grow  quite  well  in  any  tank  or  very  gently  flowing  water,  and  does  not 
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require  any  special  treatment  except  perhaps  the  removal  of  otlier 
aquatics  from  the  tank.  It  will  not  grow  in  drains  or  small  pools. 
"  We  are  ready  to  send  small  quantities  of  this  fern  wherever  you 
wish  to  experiment  with  it.  But  we  personally  have  very  little  faith 
in  its  efficacy  for  suppressing  tlie  mosquito  over  anything  more  than  a 
very  limited  area."  (Memorandum  by  Superintendent,  Botanical  Gardens, 
Calcutta.) 

A  new  method  of  destroying  mosquito  larvfo  has  recently  been 
described  by  S.  de  PuyiiEUREAN.  By  cutting  the  leaves  of  a  prickly 
cactus,  Opuntia  vulgaris,  and  steeping  them  in  water,  a  mucilaginous 
liquid  appears  on  the  surface  in  a  few  minutes.  This  liquid  poured  into 
water  acts  in  a  manner  similar  to  petroleum  ;  when  pieces  of  the  plant 
are  simply  thrown  on  the  surface  of  the  water,  a  similar  liquid  forms 
although  it  is  slower  in  its  effects. 

A  reliable  larvicide  still  a  desideratum.  — It  may  be  said  that  no 
really  practical  and  reliable  larvicide  has  as  yet  been  discovered.  What 
is  needed  for  general  success  as  a  larvicide  is  a  soluble  solid  substance 
of  lasting  effect  when  used  in  small  quantities  which  is  non-poisonous 
to  man,  cattle  and  horses,  harmless  to  plants,  inexpensive,  and  universally 
applicable  in  this  country.    It  is  possible  that  within  a  reasonable  time 
a  cheap  larvicidal  agent  of  this  kind  may  be  found.    It  is  only 
by  constant  experimentation  that  we  can  hope  to  arrive  at  a  suitable 
larvicidal  agent  or  process.    According  to  Celli,  in  Europe  the  most 
suitable  and  most  inexpensive  larvicides  at  present  are  certain  of  the 
aniline  dyes,  but  these  have  not  so  far  been  tried  in  this  country. 
These  aniline  dyes  are  poisonous  to  many  insects  which  live  in  marsh* 
waters.    Waters  coloured  with  aniline  dyes  are  not  injurious  to  plants' 
so  that  they  can  also  be  applied  to  the  water  of  rice-fields  without 
damaging  the  crops.    "  Larvicide  "  is  the  most  popular  of  the  aniline 
dyes  in  use  at  present. 

Larvicides  Of  the  vegetable  kingdom.-The  vegetable  kingdom 
provides  some  useful  larvicides.    Infusion  of  tobacco  leaves  and  tl^ 
powdered  unexpanded  flowers  of  chrysanthemum  and  pvrethrum 
ctneraruefolium),  which  form  the  bases  of  most  insect  powders  arp' 
powerful  poisons  to  larvae,  killing  them  rapidly. 

Fish  poisons.-One  or  other  of  the  fish  poisons  used  by  natives 
has  been  suggested  as  a  mosquito  larvicide.  These  poisonJ  suX 
belong  to  one  more  species  of  Z).rW..  "The  roots  are  crushed  and 
thrown  into  the  water  and  the  milkey  fluid  from  the  fresh  roots  even 
in  small  quantities  and  much  dilated  will  destroy  the  larvae  and  for 
sma  1  collections  of  fluid,  cesspits,  etc.,  is  highly  effective  killing  off 
most  forms  of  a.imHl  life,  including  (of  course/fish."  On  tl  f.tter 
account  it  is  not  advisable  on  large  collections  of  water.* 

^~^u^.H  and  mr,Ki^,;;^.opi,a,  M:^E:^^Hyr;une,  PaiTTjTT^ 
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Aquatic  vegetation  in  relation  to  mosquito  larvae. — All  grass  and 
weeds  (exuept  the  various  species  of  Lemna  and  Anacharis  that 
grow  in  open  waters)  foster  the  breeding  of  mosquitoes. 

Lemna  (aquatic  plants  popularly  known  as  '*  duck-weeds"),  of 
which  two  species  are  commonly  met  with,  L-  minor  and  L.  qihha,  are 
decidedly  unfavourable  to  the  breeding  of  mosquito  larvfe.  Where  tanks 
or  ponds  are  only  partially  covered  with  these,  however,  anopheline  larvae 
may  be  found  breeding  prolifically. 

Anacharis,  or  American  duck- weed,  occurs  also  in  a  few  tanks  and 
permanent  collections  of  water  as  a  delicate  much-branched  water-plant 
which  is  unfavourable  to  the  breeding  of  anophelines.  Its  growth  is 
usually  so  thick  that  they  cannot  move  about  the  surface  nor  reach  the 
bottom. 

The  singh.ara  or  water-nut  plant  {Trajm  hispinosa),  when  the 
leaves  cover  the  water  thickly,  are  to  some  extent  unfavourable  to 
mosquito  breeding.  When,  as  is  usually  the  case,  the  plant  does  not 
grow  up  to  the  edges  of  tanks  or  other  collections  of  open  water,  or 
when  it  has  been  removed  from  the  margins,  anophelines  may  be  found 
in  great  numbers.  One  has  observed  that  of  two  tanks  fairly  adjacent, 
one  densely  covered  with  singhara  and  the  other  only  partially  covered, 
in  the  former  there  were  no  anophelines,  in  the  latter  there  were 
swarms ;  the  physical  conditions  of  both  tanks  were  otherwise,  as  far  as 
could  be  noticed,  identical. 

Algw  even  when  disposed  in  a  moderately  thick  layer  over  the 
surface  of  collections  of  water  do  not  appear  to  affect  the  breeding  of 
anophelines.  Mr.  barbirostris  and  Mr.  nigerrimus  appear  to  favour 
water  containing  these  thallophytes  more  than  other  anophelines. 

The  water-lily  (Nymphcea)  does  not  appear  to  affect  the  breeding 
of  anophelines  in  ponds  and  tanks  in  any  way. 

Weeds,  algse,  and  lower  forms  of  vegetable  life  generally,  may  be  pre- 
vented from  growing  in  comparatively  small  irrigation  and  other  water 
channels,  by  the  use  of  a  solution  of  sulphate  of  copper  kept  in  iron  or 
metal  cans  and  provided  with  an  automatic  dropper.  The  strength  ot 
the  solution  required  is  about  one  pound  to  10  gallons  of  water.  Ihis 
is  an  important  auxiliary  anti-larval  measure,  as  algae,  and  the  lower 
cryptogams,  afford  both  food  and  protection  to  larvae. 

A  similar  arrangement  for  the  oiling  of  running  water  has  been 
employed  successfully  in  various  places,  but  it  is  expensive  and  can 
only  be  recommended  in  cases  where  irrigation  canals  run  through 
cantonments  or  other  limited  areas  we  wish  to  protect. 

Considering  the  enormous  quantity  of  kerosine  oil  that  is  einployed 
for  the  destruction  of  mosquito  larvae,  it  i  s  curious  that  up  to  date  in  thi 
country  no  form  of  automatic  dropper  has  beenintroduced.    One  has 
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seen  two  forms  of  these,  one  in  which  the  oil  is  contained  in  an  elongated 
cylinder,  the  other  that  devised  by  Drs.  E.  H.  and  H.  C.  Eoss  in  use  in 
Cairo.* 

Cultivation  of  fish  for  the  destruction  of  larvae.— Fish  may  be 
seen  in  tanks  and  in  small  and  large  collections  of  water  in  which  there 
are  crowds  of  mosquito  larvte,  and  this  when  the  fish  vary  in  size  from 
an  inch  to  o  or  6  inches  long.  Recently  one  has  placed  very  young 
fish  (ro/m)  from  1^  to  U  inches  long  in  bottles  with  anopheline  larvee 
and  the  latter  disappeared —in  one  bottle  they  had  vanished  in  7  hours, 
in  another  in  9.  In  another  experiment  24  Myz.  culici fades  larv® 
were  put  into  a  bottle  with  three  tiny  fish  of  unknown  species  and  they 
disappeared  in  7  hours;  in  a  third  19  mixed  anopheline  larvee  were 
placed  in  water  with  three  young  fish  and  the  larva3  had  gone  in  o  hours. 
The  first  experiment  was  with  fish  and  larva3  from  the  Tons  river 
in  Debra  Dun ;  the  other  two  with  fish  and  larvtB  from  the  Nakatya 
stream  in  Bareilly.  Similar  experiments  with  young  fish  from  the 
Jumna  at  iMuttra,  and  Gauges  at  Fatehgarh,  were  negative  in  result. 

The  chiliua  {Chihva  argentia)  has  the  reputation  of  being  a 
destroyer  of  mosquito  larvas,  and  possibly  it  is  so  under  certain  circum- 
stances, but  one  has  on  two  occasions  found  anopheline  larvae  in 
cisterns  and  tanks  that  had  been  stocked  with  them.  One  of  these 
instances  was  peculiar,  in  that  the  cisterns  were  also  regularly  treated 
with  kerosine  oil-these  were  the  fire  cisterns  in  the  ordnance  part  of 
the  Fort  at  Agra.  "  Millions  "  whose  natural  habitat  is  the  waters  of 
•the  West  Indian  Islands  are  reputed  to  devour  larvae,  and  one  has 
no  doubt  that  if  tanks  could  be  stocked  with  species  of  these  tiny  fish 
accustomed  to  tropical  waters,  they  would  be  very  useful  against  mos- 
Kl^l^'^Gc^i^'"''''  '^-'^  'y^^^^-oaouL.  (either 

The  existence  of  millions  around  the  Islands  of  Bermuda  and 
Barbados^   and  a  few  other  West  Indian  Islands,  is  consTdered  bv 

t^e^pW  "  ^^^^^"^         mosquitoes  in 

_  Theuseof^/o^c^Masdevourers  of  mosquito  larvcC  has  in  soma 
ins  ances  been  successful;  the  success  has  not,  however,  iLn  nvaria^r 
as  I  once  collected  a  good  few  larvie  of  Tl/v/r  L,/v.;l;l  -  i  ^n^ariable, 
bathing  tank  which  L  stocked  wfth  thefe  fiSh^"  '^^^''"  ^^'^^  '  '""'"'^ 

racZ29o^e.s  are  reputed  to  devour  anopheline  larvTP     On«  i.o.  ^ 
in  many  shallow  tanks  and  collections  T  wattT  ^inf   T  ^^'^^.^^^^^ 
were  numerous,  that  is.  when  the  bottom  of  tl  ;.  t      ^^'T  ^^^P^^*^^ 
wiaahem,lWla^^      J  ^^tl^t^t^^;-^  X 
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may  he  found  hi  other  parts  of  the  same  tank  where  the  tadpoles  are 
few  or  absent.  On  several  occasions  one  has  placed  tadpoles  and 
anopbeline  larvas  in  the  same  bottle,  in  some  cases  the  latter  rapidly 
disapproved,  in  others  they  remained  without  any  decrease  in  their 
numbers. 

Dragon-fly  larvae.— The  cultivation  of  dragon-fly  (Agrionidcn) 
larvae  for  the  destruction  of  mosquito  larvae  has  been  recommended,  and 
in  a  few  instances  in  the  United  States,  carried  out.  The  larvje  of 
dragon  flies  devour  mosquito  larvae  greedily.  One  has  on  two  occasions 
(one  in  Bareilly  and  one  in  Agra)  found  tanks  that  had  all  the  charac- 
teristics of  anopheline  breeding  places  without  any  kind  of  mosquito 
larviS,  and  the  only  reason  one  could  assign  for  this  absence  was  the 
presence  in  the  water  in  both  instances  of  a  large  number  of  dragon-fly 
larvffl,  and  in  one  of  these  instances  winged  dragon  flies  (who  are  also 
credited  with  consuming  mosquito  larvae)  were  hovering  over  the  tank 
in  fair  numbers.  Dragon-fly  larvae  netted  from  one  of  these  tanks  and 
placed  in  bottles  with  anopheline  larvae  caused  the  latter  to  disappear 
in  a  short  time. 

The  larvae  of  water-beetles  are  also  credited  with  being  enemies  of 
mosquito  larvae 

Mosquito  brigades.— In  practically  all  the  operations  needed  for 
the  removal  of  smaller  breeding  grounds  of  anophelines,  and  for  the 
destruction  of  larvae  in  small  collections  of  water,  mosquito  brigades  are 
usually  sufficient.    The  work  of  mosquito  brigades  is  applicable  to  a 
great  variety  of  places  in  this  country —towns,  collections  of  villages, 
cantonments,  jails,  and  all  large  industrial  works  and  factories;  one 
would  emphasise  the  necessity  ut  their  employment  wherever  large  gangs 
of  labourers  are  employed  on  famine  relief  works,  making  of  railway 
embankments,  roads,  canal  works,  tea  gardens,  extensive  building  opera- 
tions, etc.    In  these  latter  cases  half  a  dozen  of  the  coolies  under  one 
headman  could  be  taught  their  duties  in  a  few  days.  A  few  gangs  of  such 
men  working  efficiently  can  prevent  much  of  the  malaria  in  aggregations 
of  labourers.    The  same  remark  applies  to  troops  who  are  obbged  to 
encamp  in  an  endemic  malarial  district  en  route  to  or  from  campaigns 
—a  few  soldiers  placed  on  special  sanitary  duty  may  prevent  hundreds 
of.  cases  of  malarial  infection.    The  specific  duties  of  mosquito  brigades 
are  detailed  on  p.  218. 


F.— Prophylaxis  of  Malaria  in  Towns. 

Surface  drains— In  all  new  towns  in  India  the  laying  of  a  complete 
system  of  surface  drains  forms  the  basis  of  all  large  sanitary  measures. 
It  is  seldom  possible  to  inaugurate  such  a  system  at  once,  but  initially, 
a  definite  complete  system  should   be  planned  out,  and  extended 
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annually  as  funds  permit.  All  the  drains  in  the  town  should  form  part 
of  the  system.  It  will  be  necessary  in  originally  planning  such  a 
system  to  have  the  opinions  of  an  expert  drainage  engineer  and  an  officer 
trained  in  tropical  sanitary  science  to  achieve  the  best  results. 

The  drainage  system  should  he  such  as  to  remove  all  storm  water 
during  the  rains,  refuse  water  from  houses,  industrial  works,  etc. 

Public  water-supply. — The  next  most  important  factor  is  a  public 
water-supply  conveyed  in  pipes,  with  hydrants  distributed  along  the 
streets,  and  if  necessaiy,  in  the  houses.  The  drainage  system  should 
precede  the  water-supply,  for  if  water  comes  into  the  town  and  has  no 
definitely  arranged  outlet,  the  inevitable  result  is  water-logging  of  the 
subsoil,  with  collections  of  water  or  pools  forming  breeding  grounds  for 
anophelines.  There  are  some  large  stations  in  India  where  neglect  of 
this  principle  of  drainage  first,  water-supjjly  next,  has  led  to  severe 
endemic  and  even  epidemic  malaria,  where  malaria  was  previously  of  a 
mild  type. 

Leakages  from  stand  pipes  and  the  collections  of  water  arising 
therefrom  are  favourite  breeding  places  of  anophelines.  Roadside  drains, 
gutters  and  ditches  are  also  favourite  places  for  them. 

The  beneficial  influences  arising  from  a  good  public  water-supply 
as  affecting  malaria  are  now  easily  understood — it  removes  all  the 
collections  of  water  from  miscellaneous  sources,  domestic  cisterns,  wells, 
etc.,  that  had  previously  been  in  use.  Such  a  supply  has  also  its 
influence  in  improving  the  health  of  the  people  by  lessening  the  debilitat- 
ing effects  of  water-produced  maladies. 

A  good  water-supply,  good  drainage  and  proper  conservancy  of 
towns  and  villages  are  the  sheet  anchors  of  preventing  malarial  disease. 
Our  views  as  to  their  influence  in  reducing  the  incidence  of  malarial 
diseases  have  undergone  no  change  in  consequence  of  the  established 
relationship  between  anophelines  and  malaria.  Before  the  elucidation 
of  the  cause  of  malaria  we  knew  that  with  these  sanitary  requirements 
places  were  rendered  either  free  from  malaria  or  it  was  greatly  lessened. 
The  fact  that  we  now  know  the  part  played  by  mosquitoes  in  India 
emphasises  the  necessity  of  thes6  sanitary  needs. 

Paving  andle  veiling  of  roads. -Another  important  measure  is 
the  levelling  and  paving  of  all  roads,  streets,  and  lanes,  preferably 
with  some  impermeable  material  such  as  lamkar.  The  ordinary  maca- 
dami.sing  however  answers  almost  equally  well.  Well-paved  streets  and 
courts  prevent  the  formation  of  small  puddles,  runnels  and  pools  during 
the  rains.  * 

Such  sanitary  works  in  new  towns  should  not  be  undertaken 
without  much  forethought  and  judgment,  nor  with  the  expectation  of 
forthwith  converting  a  malarious  into  a  non-malarious  locality.  Kadical 
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changes  in  the  health  of  a  town  are  never  the  outcome  of  a  single  year's 
sanitary  work,  and  the  best  results  can  only  be  achieved  in  towns  where 
the  work  of  sanitary  regeneration  is  comprehensively,  thoughtfully, 
and  scientifically  carried  out  from  year  to  year  as  the  income  of  the 
municipality  permits. 

Excavating  the  soil. — Excavations  have  existed  around  Indian 
towns  and  villages  from  time  immemorial  and  are  to  this  day  being 
created  in  all  new  towns  and  villages.  Each  house  builder  finds  tlie 
earth  required  for  building,  in  the  immediate  neighbourhood  of  the 
structure  being  created. 

Contractors  not  to  create  borrow-pits. — No  contractor,  engineer, 
or  builder  should  be  permitted  to  excavate  earth  from  any  place  closer 
than  1,000  yards  of  the  boundary  of  the  town,  or  at  least  iialf  a  mile  from 
a  village.  It  may  to  the  present  generation  appear  a  severe  law  that 
imposes  this  necessity,  when  their  fathers  and  forefathers  were  allowed 
to  excavate  earth  wlaence  they  choose.  In  villages  labour  is  always  at 
hand  and  time  is  not  a  serious  item,  so  that  it  is  not  so  severe  a  hard- 
ship as  it  appears  Towns  are  liable  to  grow  so  rapidly  that  if  the 
distant  limit  named  is  not  fixed,  what  is  on  the  outskirts  of  the  town 
to-day,  will,  ten  years  hence,  be  well  within  the  town  boundary.  In 
bygone  days  people  did  not  know  anything  about  the  mosquito-malaria 
relationship  and  could  not  be  blamed  for  what  they  did,  but  now  that 
this  is  universally  accepted,  excavations  within  the  distance  named 
should  be  prohibited  by  law. 

Contractors  are  special  delinquents  in  causing  excavations  by  dig- 
ging and  removal  of  earth,  stone,  gravel,  etc.,  from  the  vicinity  of  the 
building  they  are  erecting.  These  excavations  add  materially  to  the 
cost  of  future  sanitary  work  in  towns  and  villages.  One  has  seen  many 
towns  and  cantonments  in  which  such  excavations  are  being  systemati- 
cally created  at  the  present  day. 

In  the  early  stages  of  the  erection  of  villages  and  towns  the  first 
houses  are  built  in  any  convenient  spot,  the  rest  follow  promiscuously 
around  them.  In  all  new  towns  and  villages  an  alignment  should  be 
made  for  streets  and  drains,  and  the  sites  for  houses  fixed,  allowing  for  a 
sufficient  space  in  streets  for  ventilation  and  light. 

lu  starting  all  new  towns  a  proper  scheme  for  the  laying  out  of 
houses,  roads,  drains,  etc  ,  should  be  thoughtfully  worked  out  at  its 
incipient  stage  before  a  single  house  is  erected. 

In  existing  towns  a  proper  plan  of  the  directions  in  which  fresh 
houses,  roadways  and  drains  are  to  extend  should  be  fixed  upon  and 
adhered  to. 
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Filling  up  of  "borrow  "  pits. — The  filling  up  of  all  "  borrow"  pits 
formed  by  excavating  earth  for  building  purposes  is  important — these 
are  the  most  fertile  sources  of  breeding  ponds  and  pools  of  anophelines 
around  inhabited  areas  in  India.  The  creation  of  borrow-pits  should  be 
prohibited,  and  wherever  they  exist  they  should  be  filled  up  flush  with 
the  surface.  Where  there  are  a  number  of  small  borrow-pits  and  one 
larger  one,  the  smaller  might  be  filled  up  from  the  larger  one,  and  this 
latter  banked  up  and  dealt  with  as  in  the  manner  of  an  isolated  feeding 
ground.  Where  the  cost  of  doing  so  is  too  great  the  smaller  ones  could 
be  drained  into  the  larger  by  cuttings. 

Swamps,  etc.— Drainage  of  swamps,  filling  up  of  stagnant  pools, 
closing  of  tanks  near  houses,  clearing  of  undergrowth  and  of  vegetation 
close  at  hand,  and  pouring  oil  on  the  breeding  places  of  mosquitoes,  are 
among  the  protective  measures  in  operation  in  many  towns  in  India  at 
present.  All  possible  breeding  places  of  mosquitoes -pools,  puddles, 
pots  of  water,  tubs  in  which  water  may  collect,  garden  receptacles,  etc  , 
should  be  kept  under  observation  and  control,  and  where  necessary 
entirely  abolished.  ^ 

Streets  and  gutters— Street  gutters  are  not  to  be  neglected ;  when 
allowing  of  collection  of  water  they  may  be  rebuilt,  relaid  and  c;ment- 
hned     Uneven  roads  should  be  levelled.  cement 

A  special  branch  of  the  sanitary  staflf  should  be  daily  and  contini, 
ous  y  employed  in  systematically  treating  every  pool   nond  tank 
drain  w,th  kerosine  oil.  and  in  such  a  inanner^Ho^o^rrle  whoL 
surface  of  the  water  lying  in  it  twice  a  week  during  the  breedir/.Iason 
of  anophehnes.    The  adoption  of  this  measure  should  be  ruppo^rted  bv 

countr^  "--^aX^J^r^^^ 

and   occupiers   of  houses   and  land  keep  their  prem  sL  ftee  C 

aTdTu^^er S^^^^  CoHatt^^ 

from  vegetation,  a'ndTpools  are  fo^n^  in^Tl 

clear  awly  und;rgrowth,  Cg  grass  anTln.l.  T^ 

of  the  town,  and  make  arranaf  £nf!  f  ?    V^^'''  boundaries 

municipal  boundTrt  fo  To^^^^^^^^^ 

pools,  and  low-lvinff  land^ Ihl        .      •  ^ ,         ^'^^''^  excavations, 

marshes  are  a  the  ffot  o^  maU  hTlls'' and  "  ^^'V  /°  ^Hen 

be  easily  obtained,  it    houW  be  Ld  lfiU^^^  ^"^^  '''' 

pits,  etc.     When  this  is  dip    T      u     ]  \P       marshes,  borrow- 

levelling  the  area  from  ;hLh:he\aX^  ^  ''''V' 

and  housesir  wafh^nVrdtathTnT;^^^^^^^^^^^^^  well-removed  from  huts 
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Table  of  minor  anti-mosquito  sanitary  works.— Tlie  Sanitary 
Inspector  or  other  responsible  person  should  report  daily  to  the  Muni- 
cipality or  Health  Officer  the  following  points  on  a  printed  form*  : — 


1. 
2. 

4. 


6. 
7. 
8. 

9. 

10 
11. 

12. 

13. 

14. 
15. 
16. 
17. 


Number  of  Inspectors  employed 

Do.        houses  inspected 
Adresses  of  houses  where  larvce  were  found 
Number  of  notices  served  to  remove  con- 
ditions causing  the  breeding  of  larvfe. 
Number  of  persons  fined  for  having  mos- 
quito hirvic  on  premises. 
Number  of  linear  feet  of  ditches  cleared  ... 
Do.  do.  dug  aad  graded... 

Do.      square  yards  of  weeds,  grass  and 

vegetation  cut  and  removed, 
Do.      excavations  filled  up 
Amount  of  low-lying  land  raised 
Number  of  cubic  yards  of  material  used  for 

filling  uj)  excavations. 
Number   of   men   employed  for  6,  7,  8,  9, 
10  and  11. 

Number  of  persons  fined  for  makiug  pew 

excavations  without  permission. 
Number  of  drains  oiled 
Do.      pools  ,, 
Do,      tanks  and  barrels  oiled 
Do.      men  employed  for  oiling  water 
tanks,  barrels,  drains  and  pools. 


Sanitary  Divisions. 


The  reports  should  be  verified  and  some  responsible  officer  should 
see  that  the  work  is  done  regularly,  systematically,  fairly,  and  with 
judgment. 

All  plans- of  houses,  huts  or  other  buildings  to  be  erected  should 
meet  with  the  approval  of  the  health  officer  or  municipal  authority  as 
to  site,  structure,  and  relation  to  other  buildings. 

No  drains  should  be  interfered  with,  nor  laid,  nor  connections 
made,  without  the  permission  of  the  Health  Officer  or  municipal  autho- 
rity, and  none  should  be  permitted  that  do  not  form  part  of  the  general 
plan  of  the  drainage  of  the  town,  which  has  been  previously  carefully 
decided  on  according  to  the  contours  and  levels  of  the  area  to  be 
drained. 

During  the  sanitary  regeneration  of  a  town  it  is  essentially  neces- 
sary that  other  anti-malarial  measures^arej)ut  into  operation  at  the 

*  Adapted  from  Prof.  W.  J.  Simpson's  The  Principles  of  Hygienic  as  Applied  to 
Tropical  and  Sub-Tropical  Cliinates,  p. 
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same  time,  such  as  covering  all  wells  with  some  mosquito-proof  material 
— wire-gauze,  zinc  sheets  or  wood  ;  tlie  same  applies  to  all  collections 
of  water  that  cannot  be  otherwise  dealt  with,  such  as  water  reservoirs, 
tanks,  garden  cisterns,  etc.,  and  preventing  the  inhabitants  storing 
water  in  receptacles  that  are  not  covered  with  mosquito-proof  material. 

When  smal\  marshes  in  the  immediate  vicinity  of  towns  Ganr^ot  he 
permanently  dealt  with  by  drainage,  or  filling  up,  the  pouring  of  pesterine 
and  kerosine  oil  over  the  surface  is  a  measure  deserving  of  attention  in 
malarious  places.  Large  marshes  near  towns  must  be  dealt  with  by 
some  radical  measure. 

Cesspools  should  be  covered  so  as  to  render  access  of  mosquitoes 
impossible,  and  they  should  be  treated  with  kerosine  oil  once  a  week. 
Anophelines  have  been  discovered  near  houses  where  no  other  breeding 
places  than  cesspools  could  be  found. 

It  is  probable  that  trees  and  the  existence  of  houses  of  the 
suburbs,  intercept  mosquitoes  that  would  otherwise  gain  access  to  the 
town,  when  the  town  itself  ceases  to  afford  them  favourable  breeding 
grounds. 

An  excessive  number  of  trees  in  towns  is  to  be  discouraged, 
although  this  is  a  secondary  matter,  as  trees  are  used  for  shelter  by 
mosquitoes  and  not  to  breed  in  ;  it  is  rare  in  towns  to  have  holes  in 
trees  m  which  anophelines  can  breed.  It  may  be  necessary  to  have 
intercepting  drains  round  the  higher  contours  of  the  town. 

The  difficulties  in  connection  with  anti-malarial  measures  in  a 
malarious  town  that  is  not  provided  with  a  public  water-supply  and  is 
undrained  are  very  considerable. 

It  is  to  the  drainage  works  of  Bombay,  Madras,  and  Calcutta 
together  with  public  water-supplies,  that  these  cities  (in  their  interior 
at  least)  are  so  comparatively  free  from  malaria-the  districts  around  all 
three  cities  are  very  malarious.  In  inland  towns  the  same  would  hold 
good-effective  drainage  by  preventing  the  formation  of  collections 
ot  stagnant  water  will  reduce  malaria  and  mosquitoes,  and  in  proportion 
as  the  latter  will  be  reduced  by  methods  of  drying  the  soil  so  will 
malaria  diminish.  *  ' 

It  has  been  repeatedly  proved  that  malaria  will  undergo  consider- 
able reduction  on  the  establishment  of  sound  sanitation  in  a  town~the 
introduction  of  a  good  water-supply,  a  well  thought  out  drainage 
system,  good  arrangements  for  removal  of  excreta,  good  streets  i)roperly 
paved  proper  rules  tor  all  new  buildings,  and  a  welf organised  establi  h^ 
ment  for  carrying  out  all  sanitary  measures  required.  ^The  persiste  e 
of  intens^e  malaria  in  large  towns  situated  re\note  from  mLhes  ^nd 
river  banks  is  a  positive  indication  of  sanitary  maladministration 
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It  is  doubtful  whether  any  large  city  or  town  in  India  properly 
sanitated  on  modern  principles  and  in  accordance  with  our  knowledge  of 
the  habits  of  anophelines  could  remain  malarious,  as  the  conditions  of 
such  a  town  are  decidedly  unfavourable  to  the  continuance  of  anophelines.* 

Mosquito  brigades  and  gangs. —It  is  impossible  to  lay  down  any 
rule  as  to  the  number  of  mosquito  gangs  required  for  each  town,  as  it 
largel}'  depends  on  the  area  to  be  covered  by  the  workmen,  the  number 
of  collections  of  water  to  deal  with,  and  the  density  of  houses.  What  is 
necessary  is  that  there  should  be  sufficient  workmen  to  visit  each  house 
and  search  out  all  breeding  places  for  mosquitoes  in  the  area  at  least 
once  a  week.  In  an  ordinary  Indian  town  it  may  be  said  that  one 
gang  of  lo  men  and  one  headman  should  be  able  to  work  over  an  area  of 
a  square  mile.  When  the  area  considerably  exceeds  this,  several  gangs 
should  be  engaged,  each  gang  doing  a  definite  mapped  out  area. 

The  duties  of  the  mosquito  brigade  men  are  to  "  visit  regularly 
once  a  week  the  compound  of  every  house  and  destroy  every  pool  of 
water  which  can  harbour  mosquito  larvte  ;  to  cover  with  a  layer  of  kero- 
sine  oil  every  collection  of  water  which  is  too  large  to  be  destroyed ;  to 
remove  all  broken  tins,  pots,  bottles,  etc.,  which  can  contain  water  and 
harbour  larvte  ;  to  instruct  the  inhabitants  in  the  recognition  of  mosquito 
lai-vse  and  the  methods  of  destroying  them  ;  to  see  that  the  bye-laws 
requiring  that  all  fixed  receptacles  of  water,  cesspools,  etc.,  should  be 
made  mosquito-proof  are  carried  out,  and  to  bring  to  the  notice  of  their 
superiors  every  householder  on  whose  premises  mosquito-larvge  are 
frequently  found  ;  during  the  rains  to  drain  off  quickly  all  superficial 
collections  of  water  which  can  last  sufficiently  long  to  become  breeding 
(^rounds  of  mosquitoes ;  to  endeavour  to  kill  adult  mosquitoes  in  houses, 
out-houses,  and  stables  by  fumigation  with  sulphur  oxide  or  by  other 
means  ;  to  make  observations  on  the  seasonal  prevalence  of  mosquitoes  and 
their  habits,  and  on  every  matter  regarding  which  increased  knowledge 
might  aid  in  the  extermination  of  these  insects."| 

In  toivns  and  cities  the  expenses  connected  with  the  reduction  of 
anophelines  will  vary  in  accordance  with  the  size  of  the  area  to  be 
dealt  with.    In  towns  the  cost  is  often  small  on  account  of  the  large 
number  of  people  crowded  on  area,  amongst  whom  the  expenses  would 
be  divided  by  the   municipality.    Suppose    it  were  a  question  of 
drainage.  In  a  large  town  the  drainage  of  an  area  of  half  a  square  mile 
will  benefit  a  vast  number  of  people  ;  the  same  length  in  a  rural  popu- 
lation  benefits    comparatively  few.    The    expenses    connected  with 
anopheUne-reduction   varies  with  the  extent  of  surface  to  be  covered 
and  has  little  relation  to  the  population.    On  the  other  hand  the 
expenses  of  case-reduction  and  for  isolation  are  in  proportion  to  the 
density  of  the  population  and  not  as  the  area.   ^ 

iTi,,  this  Section  on  Prophyla:t-i>,  in  lowml-Axa.  greatly  iudebted  to  Prof.  J.  W. 
Simpson's    The  Princlpkx  of  Byiiitm  ax  Applied  to  Tropical    and  Suh-Troptcal 

^"'"f  Majorca.  i\  J AMKS,  I.M.S.,  Malarial  F'Mra,  3rd  Ed.,  p.  93. 
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For  cities,  towns,  and  large  stations,  with  dense  populations, 
mosquito  reduction  is  highly  applicable,  because  in  such  places  the 
cost  of  drainage  (the  usual  chief  measure)  benefits  a  large  number  of 
people  and  can  be  better  borne  by  them,  the  ultimate  expense  will 
probably  be  less  than  the  cost  of  effective  quinine  distribution  annually 
among  so  many,  the  measure  will  tend  to  reduce  other  diseases  and 
annoyance  besides  malaria,  and  it  can  be  carried  out  by  the  authorities 
on  their  own  initiative  without  making  demands  on  the  populace  to 
take  drugs,  use  mosquito  nets,  and  so  on. 

In  the  presence  of  severe  malaria  both  mosquito  reduction  and 
parasite  reduction  should  be  employed  together,  and  the  other  subsidiary 
measures  referred  to  are  to  be  used  in  special  cases. 

On  the  same  principle  extensive  marshes  in  places  where  the 
population  is  great  should  be  drained  or  deepened,  and  the  edges  levelled 
or  the  whole  really  filled  up. 

In  estimating  the  cost  qf  the  anti-malarial  measures  whether  in 
towns  or  districts  we  should  include  the  salary  of  all  medical  officers  and 
subordinates  employed  on  the  work,  of  the  quantity  of  quinine  i.«sued 
gratis,  of  establishment  for  making  quinine  pills  and  for  the  preparation 
and  despatch  of  these  pills ;  pay  of  mosquito  inspectors  and  of  mos- 
quito brigade  gangs,  implements  required  for  the  gangs,  and  incidental 
expenses  of  the  staff,  with  a  margin  for  contingencies. 

G-.— Prophylaxis  in  villages. 

The  reduction  of  malarial  diseases  of  villages  is  one  of  the  most 
important  economic  questions  of  this  country.  It  is  likewise  one  of 
the  most  diflficult  to  accomplish,  chiefly  on  account  of  its  vastness,  and 
because  of  the  ignorance  and  poor  circumstances  of  the  rural  population 
in  general. 

Four-nfths  of  Indian  malaria  occurs  in  villages.— Probably 
about  four-fifths  of  the  malaria  of  this  country  occurs  in  villacres 
The  proportion  of  persons  attacked  in  the  army  in  India  is  we  know' 
about  20  per  cent.  A  similar  proportion  in  the  civil  'population 
would  mean  that  in  the  latter  there  are  75  millions  of  cases  of  malarial 
fever  annually.  Allowing  that  there  are  25  millions  placed  under 
treatment  m  one  form  or  another,  there  are  left  50  millions  who  never 
get  any  treatment.  We  might  argue  that  these  victims  of  malaria  are 
working  out  an  immunity  for  themselves,  but  such  a  doctrine  does  not 
aid  us  m  solving  the  problem  of  prophylaxis  of  rural  malaria. 

In  the  villages  of  endemic  malarious  places  we  find  malarial  fevers 
enlarged  spleens,  anemia,  dysentery  and  diarrhc^a  in  almost  every  house 
during  the  malarial  season,  causing  conjointly  a  heavy  mortality,  espe- 
ciaHy  amongst  the  young  population,  whilst  periodical  visitation?  of 
epidemic  malaria  and  other  diseases  carry  off  many  victims 


220 


The  vast  majority  of  the  people  of  India  dwell  in  villages,  and 
although  the  general  sanitary  principles  for  preventing  malarial  fevers 
are  thesanoe  whether  we  deal  with  cities,  towns,  cantonments  or  villages, 
still  the  details  by  which  these  principles  are  put  into  operation  are  not 
identical.  In  the  conduct  of  anti-malarial  village  sanitation  it  is 
important  to  remember  that  the  people  are  absolutely  ignorant  of  the 
very  rudiments  of  sanitation.  This  gross  ignorance  of  the  people 
regarding  the  laws  of  health  is  the  chief  difficulty  to  overcome,  next  to 
which  is  the  fact  that  they  have  from  time  immemorial  followed  cer- 
tain insanitary  practices,  interference  with  which  is  considered  to  be  an 
infringement  of  their  liberty. 

If  any  serious  reduction  is  to  be  made  in  the  general  incidence  of 
malaria  in  India,  it  can  only  be  effected  by  case-reductiun  in  villages, 
and  by  measures  which  will  reduce  the  number  of  malaria-bearing 
anopbelines  in  and  around  villages. 

A  great  deal  that  has  been  stated  regarding  the  an ti -malarial  mea- 
sures in  towns  applies  also  to  villages,  with  this  difference,  that  most 
towns  are  financially  able  to  meet  the  expenses  connected  with  many  of 
these  measures,  whereas  there  are  no  available  funds  in  villages  for  such 
work. 

As  in  the  case  of  towns,  a  good  water-supply,  good  drainage,  proper 
conservancy,  and  a  clear  area  around  the  outskirts,  are  the  mainstays 
of  preventing  malaria  in  viilages.  When  a  village  is  about  to  spring 
up  a  scheme  of  its  construction  should  be  formulated,  showing  the  direc- 
tion in  which  all  houses  and  huts  are  to  be  constructed,  the  alignment 
of  the  roadways  and  of  surface  drains  should  be  fixed  upon  and 
adhered  to. 

The  village  headman  should  be  responsible  that  no  breeding  places 
for  anopbelines  exist  within  the  limit  stated  or  in  the  village  itself. 
In  very  malarious  districts  he  should  be  provided  with  quinine  to  issue 
to  all  cases  of  malarial  fever  and  all  children  with  enlargement  of  the 
spleen. 

It  is  necessary  to  make  the  villagers  through  their  headman  under- 
stand the  rationale  of  our  present-day  prophylactic  measures  of  malaria. 
The  principles  underlying  our  preventive  measures  should  be  taught  in 
all  primary,  middle  class,  and  entrance  schools,  so  that  they  will  not  be 
forgotten  and  ignored,  as  they  would  be  were  it  merely  the  subject  of 
one  year's  teaching.  Placards  might  be  printed  in  local  vernaculars 
and  posted  in  prominent  places  in  all  villages  and  schools.  These 
notices  should  state  in  simple  language  the  nature  of  malaria,  that  it 
is  caused  by  parasites  in  the  blood,  the  part  anopbelines  play  in  its 
distribution,  and  the  method  in  which  quinine  acts  both  curatively 
and  Drophylacticaily,  and  that  the  abolishment  of  the  breedina  places  of 
nopi^elines  is  followed  by  a  reduction  of  malaria.  I  he  placard  should 
aive  a  picture  of  malarial  parasites,  and  of  culex  and  auophehne  adults 
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and  larvas  and  briefly  state  l)o\v  they  are  distinguished.  One  has  seen 
this  done'  in  ttie  Philippines,  in  Hong  Kong  and  Southern  Japan.  A 
sample  of  a  leaflet  for  distribution  is  given  on  p. 

Special  measures  recommended.— There  are  six  special  mea- 
sures which  one  would  recommend  for  all  villages  in  the  more  severely 
endemic  malarial  districts  :— (1)  The  treatment  of  all  cases  of  malarial 
fever  and  malarial  enlargement  of  the  spleen  with  quinine  issued  gratis  ; 
(2)  the  making  of  surface  drains  properly  graded  (even  Icatcha  dreiins) 
or  removing  rain  water  and  refuse  water  generally  ;  (3)  covering  of  all 
sources  of  water -supply  with  some  mosquito-proof  material — this  material 
can  often  be  manufactured  from  local  sources;  (4)  the  filling  up  of  all 
borrow-pits  and  excavations  in  and  around  villages  for  a  distance  of  at 
least  100  yards  ;  (5)  the  prevention  of  all  cultivation  within  this  100- 
yard  limit  and  of  wet  cultivation  within  200  yards  ;  (6)  the  keeping  of 
this  100-yard  area  and  the  interior  of  the  village  free  from  mosquito 
larvae.  This  latter  could  be  carried  out  by  the  villagers,  two  or  three  of 
whom  should  take  it  in  turns  weekly  or  monthly. 

The  first  of  the  measures  suggested  can  only  be  carried  out  with 
the  aid  of  Provincial  Governments;  the  other  five  can  be  carried  out 
by  the  villagers  themselves,  and  should  be  enforced  by  special  legisla- 
tion. One  is  fully  aware  that  the  limit  of  distance  for  cultivation  is 
well  within  the  range  of  the  flight  of  anophelines,  but  it  is  as  much  as 
could  be  reasonably  insisted  on,  and  one  is  perfectly  convinced  that  even 
100  yards  from  breeding  grounds  would  considerably  reduce  the  ano- 
pheline  population  of  villages.  The  manner  in  which  this  100-yard 
area  around  villages  is  to  be  procured  from  the  owners  can  scarcely  be 
considered  here. 

Notwithstanding  all  the  difficulties  to  be  contended  with  one  is 
confident  that  a  great  deal  may  be  done  to  lessen  the  malarial  index  and 
reduce  anophelines  in  villages  by  the  conjoint  eflforts  of  the  villagers 
themselves,  and  by  pointing  out  to  them  the  way  in  which  they  can 
reduce  village  malaria. 

If  we  wish  to  make  a  radical  impression  on  the  malaria  of  India  we 
must  attack  it  in  its  rural  homes.  This  is  an  enormous  task,  and  at 
first  sight,  from  its  very  dimensions,  staggers  the  anti-malarial  sanitarian. 
The  fundamental  cause  of  rural  malaria  is  the  universal  existence  of 
breeding  places  of  anophelines.  The  essential  cause  of  this  is  connected 
with  the  agricultural  methods  adopted  in  this  country  for  a  few  thousand 
years.  Practically  all  cultivation  in  India  is  carried  out  by  irrigation 
from  wells  or  otherwise  without  subsoil  drainage,  and  such  cultivation 
is  continued  up  to  the  very  village  huts  on  all  sides. 

Drainage  of  agricultural  areas.— Practically  in  all  the  historical 
instances  of  the  eradication  of  malaria  from  Western  countries  such 
eradication  has  been  effected  by  cultivation  and  drainage.  In  some 
countries,  as  in  England,  it  took  centuries  to  effect  this ;  in  others  the 
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salutary  change  was  eftected  comparatively  rapidly.  One  in  neither 
prepared  nor  qualified  to  put  forward  any  radical  remedy  to  remove  the 
difficulty  connected  with  the  drainage  of  agricultural  districts.  One 
could  make  suggestions  as  to  how,  under  the  present  system,  anophelines 
might  be  reduced,  but  one  considers  that  the  best  solution  of  the  problem 
would  be  obtained  by  the  combined  efforts  of  an  irrigation  engineer, 
an  agricultural  expert,  a  malariologist,  and  an  experienced  Revenue 
Officer  of  the  Indian  Civil  Service,  to  whom  one  would  add  one  or  two 
practical  zamindars,  forming  a  commission  to  inquire  into  the  subject. 
The  labours  of  such  a  commission  would  be  arduous  and  involve  much 
practical  experimental  work  that  would  continue  over  some  length  of 
time,  but  one  believes  that  they  would  considerably  assist  in  a  solution 
of  this  extremely  difficult  problem. 

We  should  remember  that  the  more  comprehensive  the  drainage 
scheme,  whether  for  marshes,  irrigation,  or  collections  of  surface  water, 
the  longer  it  takes  to  produce  any  manifest  results  as  regards  case- 
reduction  of  malaria,  but  such  a  scheme,  when  once  efficiently  carried 
out,  brings  about  either  a  complete  eradication  of  malaria,  or  at  least 
a  considerable  reduction  of  it  from  the  locality.  There  are  some 
modern  instances  on  record  in  which  a  single  drainage  operation,  some- 
what inexpensively  and  rapidly  carried  out,  has  effectually  removed 
malaria  from  localities,  and  that  without  the  aid  of  other  anti-malarial 
measures.  Such  instances  are  the  drainage  of  a  large  marsh  in  the  Island 
of  Samarai  in  Papua,  and  the  drainage  of  the  European  soldiers'  barracks 
in  the  Island  of  St.  Lucia,  which  latter  was  supplemented  by  clearing 
of  a  limited  area  of  jungle,  grading  streams,  filling  up  excavations, 
and  rough  canalisation  applied  to  certain  collections  of  water. 

H. — Propbylaxis  in  Schools. 

Free  issue  of  quinine. — One  of  the  most  comprehensive  methods 
of  dealing  with  the  endemic  malaria  of  this  country  is  that  of  endeavour- 
ing to  eradicate  malarial  parasites  from  the  blood  of  all  school-going 
children  by  the  curative  use  of  quinine. 

It  has  been  repeatedly  stated  in  this  volume  that  native  children 
are  the  main  source  of  all  malaria  in  this  country,  and  that  in  endemic 
malarial  districts  a  very  large  percentage  of  children  from  0  to  10 
years  of  age  harbour  malarial  parasites  in  their  blood.  The  school- 
going  age  may  be  said  to  be  between  5  and  14  years,  and  one  would 
apply  the  system  of  free  quinine  distribution  to  all  infected  children 
up  to  the  age  of  10  years. 

By  the  systematic  use  of  quinine  in  schools,  we  cure  all  infections 
and  re-infections  in  these  children,  and  considerably  lessen  the  amount 
of  residual  malaria  in  the  country. 
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Method  of  distribution  of  quinine  to  school  children.— the 

method  by  which  this  may  be  carried  out  is  part  of  the  general  system 
of  quinine  distribution  whicli  one  has  advocated  for  malarial  districts. 
The  quinine  should  be  issued  in  tabllets  or  pills  to  schoolmasters 
for  administration  to  all  children  in  the  morning  before  lessons  begin. 
He  should  keep  a  register  with  a  nominal  roll  of  all  children  having 
enlargement  of  the  spleen  and  all  who  are  taking  quinine. 

Throughout  the  malarial  season  all  school  children  sufifering  from 
malarial  fever  and  with  enlarged  spleens  should  get  a  dose  of  quinine 
according  to  age  every  morning  for  three  months.  At  the  end  of  the 
malarial  season  the  schoolmaster  should  send  a  summary  of  the  facts 
recorded  in  the  school  register  of  malaria  cases  to  the  Civil  Surgeon  of 
the  District,  Deputy  Sanitary  Commissioner,  or  to  the  malarial 
authority  of  the  province. 

Nature  of  malaria  :  its  causes  and  methods  of  prevention  to  be 
taught  in  schools. — The  main  facts  connected  with  the  causation  and 
prevention  of  malarial  fevers  should  be  taught  in  all  elementary  schools. 
These  might  be  posted  up  on  placards  printed  in  the  local  vernaculars 
with  illustrations  of  malarial  parasites,  and  of  adult  anophelines  and 
their  larvfe  (see  pp.  2.51,  259.) 

Immediate  precincts  of  school  to  be  freed  from  breeding*  places 
of  anophelines.— The  precincts  of  the  school  should  be  free  from  all 
breeding  places  of  anophelines,  and  all  vessels  containing  water  on  the 
school  premises  should  be  protected  by  mosquito-proof  coverings. 

I.— Prophylaxis  in  Military  Ca.ntonments. 

Iniportance  of  anti-malarial  measures  in  cantonments — It  is 

impossible  to  emphasise  too  strongly  the  importance  of  anti-malarial 
measures  in  cantonments  in  India  during  peace  times.  The  vast 
majority  of  cases  of  malarial  fever  occurring  on  field  service  are  those  in 
which  initial  malarial  infection  was  acquired  in  cantonments. 

The  malaria  of  cantonments  is  to  a  large' extent  bred  in  the  human 
occupants  and  anopheline  population  of  cantonments.  One  is  aware 
of  the  fact  that  there  are  exceptional  stations  in  which  this"  statement 
is  only  partially  true,  as  for  example  in  the  British  Infantry  lines  in 
Agra,  where  one  found  that  the  breeding  places  of  auoohelines  were 
chiefly  in  villages  and  a  brick  factory  from  500  to  800 '  yards  to  the 
south  of  the  barracks  and  outside  cantonment  limits,  but  in  the  main 
the  statement  holds  good. 

There  is  a  considerable  amount  of  malaria  amongst  native  children 
.  in  cantonments.    Of  3,884  children  examined  one  found  an  average  of 
60  per  cent,  with  enlarged  spleens,  and  an  endemic  index  of  40  per 
cent     Even  in  European  Troops'  children  the  spleen  index  was  found 
to  be  32  per  cent. 
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European  Troops  are  exposed  to  malarial  infection  in  various  ways, 
through  attacks  of  anophelines  infected  by  both  European  and  native 
children,  punkah  coolies  and  followers  generally ;  by  visiting  in  the 
evening  bazars,  coflfee  shops,  soldiers'  homes,  Army  'J'emperance  Asso- 
ciation, rooms,  and  on  "  sentry  go." 

The  detection,  isolation  and  specific  treatment  of  the  infected 
soldiers  are,  as  in  other  communicable  diseases,  of  great  importance  in 
malarial  prophylaxis. 

Relapses  occur  when  previous  infection  is  not  eradicated  by 
proper  treatment.  In  order  to  prevent  relapses  a  prolonged  course 
of  treatment  is  required.  The  course  of  quinine  treatment  one  would 
recommend  is  that  laid  down  on  pp.  159,  160.  All  troops  and  followers 
known  to  be  infected  by  malaria  should  be  subjected  to  this  course  of 
quinine  treatment,  or  some  modification  of  it,  for  not  less  than  three 
months.  An  occasional  dose  of  quinine  taken  irregularly  is  not 
sufficient — it  is  a  delusion  and  a  snare  to  consider  that  a  dose  every 
now  and  then  when  one  thinks  of  it  will  prevent  a  recurrence  of 
malarial  fever. 

In  most  stations  malarial  patients  are  now  isolated  in  special 
wards  and  supplied  with  mosquito  curtains;  in  many  instances  the 
whole  of  the  wards  in  hospitals  are  made  mosquito-proof  by  wire-gauze 
doors  and  windows. 

Relapses  can  be  prevented.— Relapses  in  soldiers  and  all  other 
bodies  of  men  under  discipline  in  this  country  can,  and  should  be  con- 
trolled. The  same  does  not  apply,  of  course,  to  cases  of  latent  and 
masked  malaria,  which  are,  as  a  rule,  only  discovered  by  accident.  They, 
however,  form  such  a  comparatively  small  proportion  of  the  cases  of 
malarial'infection  that  in  the  question  of  general  prophylaxis  they  may 
be  neglected. 

The  method  of  treating  malarial  fever  cases  with  quinine  for  a 
week  or  two  only  is  one  of  the  many  reasons  for  the  continuance  of 
malarial  infection  amongst  our  troops.  Under  such  treatment  the 
administration  of  quinine  is  discontinued  just  at  the  time  when  the 
patient  is  most  infectious  to  others  through  gametes  in  his  blood.  The 
real  way  to  treat  malarial  fevers  in  regimental  hospitals  is  to  keep  the 
patient  in  hospital  and  under  quinine  until  after  careful  search  gametes 
are  no  longer  to  be  found  in  the  peripheral  circulation.  When  this 
stage  is  reached  the  man  can  no  longer,  for  the  time  being,  communicate 
malaria  to  others  through  anophelines.  In  all  prrobabihty  gametes 
continue  in  certain  internal  organs— spleen,  bone-marow,  brain  capiUa- 
laries  etc.— long  after  they  cease  to  be  found  in  the  peripheral 
circulation.  It  is  these  gametes,  or  some  other  unknown  phase  m 
the  life  of  the  parasite,  that  require  to  be  eradicated,  and  until  this  is 
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efiFected,  the  infected  person  is  liable  to  relapses,  that  is,  to  recurring 
paroxysms  without  re-infeotion. 

Admission  into  hospital  and  isolation  of  cases  of  malaria  - 
All  known  cases  of  malarial  fever  should  be  admitted  into  hospital— 
they  should  not  be  "  detained  "  or  allowed  "  to  attend."  This  is  very 
necessary  in  native  regiments  where  the  men  on  returning  to  the  lines 
-  infect  their  comrades  and  frequently  get  re-infected  themselves,  there 
being  always,  in  the  malarial  season,  abundance  of  malaria-carrying 
auophelines  present  and  infected  native  children.  The  advantage  of 
remaining  in  hospital  is  emphasised  when,  as  is  now  the  case  in  many' 
instances,°the  hospital  is  provided  with  mosquito-proof  wire-gauze  doors 
and  windows.  When  malaria  becomes  epidemic,  and  the  hospital 
accommodation  insufficient,  the  overflow  cases  should  be  put  into  tents 
and  not  allowed  to  return  to  the  barracks  which  only  serves  to  perpetuate 
the  epidemic. 

All  soldiers  suffering  from  known  malarial  infection  should  be 
treated  with  quinine  continuously  for  at  least  three  months  after  the 
last  paroxysm.  When,  as  is  the  case  during  the  malarial  season,  re- 
infection is  liable  to  occur,  the  necessity  for  such  treatment  is 
emphasised.  Were  this  done  there  would,  I  believe,  be  very  few  cases 
of  relapses  in  the  late  winter,  spring  and  summer  months.  There  should 
in  troops  be  no  residual  malaria. 

All  cases  of  malaria  taking  quinine  curatively  should  get  their 
quinine  at  the  hospital  daily  for  three  months  ;  this  enables  the  medical 
officer  to  see  the  men  regularly. 

If  the  treatment  of  relapses  begins  after  the  malaria  season  is  over 
a  three  months'  course  is,  as  a  rule,  sufficient.  The  occasional  failure 
of  even  this  lengthy  course  is  no  justification  for  its  condemnation. 
When  in  any  case  there  is  an  unusual  amount  of  residual  enlargement 
of  the  spleen  it  is  advisable  that  quinine  be  given  curatively  for  four 
months  at  least,  no  matter  what  the  period  of  the  year  is  in  which  it  is 
commenced,  and  should  the  end  of  this  course  arrive  during  the 
malarious  season  these  cases  should,  like  all  other  men,  get  quinine 
prophylactically. 

In  malarial  stations  in  many  cases  European  Troops  during  the 
malarial  season  may  with  advantage  be  removed  into  camps  well  away 
from  native  towns  and  bazars,  on  the  principle  of  segregation  of  the 
healthy  (see  pp.  174— 176}. 

The  keeping  of  European  Troops  in  hill  stations  until  the  malarial 
season  is  over  is  a  measure  that  is  of  considerable  advantage  to 
efficiency. 

Prophylactic  issue  of  quinine. — Duiing  the  malarious  season 
quinine  stiould  be  issued  prophylactically  to  all  troops  and  followers  in 
cantonments. 
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When  to.  begin  prophylactic  issue  of  quinine.— W lien  all  cases  of 
maliiiia  in  units  are  admitted,  and  such  admissions  reach  from  2-5  to  3 
per  cent.,  1  consider  the  prophylactic  issue  is  justifiable.    The  longer 
it  is  delayed  after  this  the  higher  will  the  percentage  of  fresh  infections 
become  progressively  during  the  malarial  season.    One  would  not  lay  this 
down  as  a  hard  and  first  rule  for  adoption.    There  are  circumstances 
when  a  prophylactic  issue  should  be  made  irrespective  of  the  percentage 
of  admission,  e.q.,  on  manoeuvres  at  the  end  of  autumn  when  in  a  district 
Ifnown  to  be  malarious,  or  in  barracks  when  there  is  a  sudden  rise  in  the 
malaria  of  the  civil  community  around.  Nor  can  the  percentage  named  be 
adopted  in  all  regiments  at  present,  as  in  some  the  cases  of  malaria 
actually  admitted  are  3^  times  less  than  those  "detained."    Assuming  a 
uniform  distribution  of  cases  in  barracks,  any  greater  percentage  than 
2-5  or  3  means  that  one  or  more  men  in  each  barrack  room  are  infected, 
and  that  through  them,  in  the  presence  of  anophelines,  malaria  will 
rapidly  spread  by  infection  acquired  in  the  barrack.    Under  ordinary 
circumstances  such  spreading  of  malaria  does  not  occur  through  cases 
in  the  barrack  room  of  European   Troops,  but  through  the  infected 
anophelines  from  married  quarters  and  followers'  huts  invading  barrack 
rooms. 

The  effect  of  the  percentage  of  cases  of  infection  in  influencing  the 
incidence  of  malaria  may  be  seen  in  every  endemic  malarial  district. 
When  the  prophylactic  issue  is  postponed  until  the  percentage  of  cases 
to  strength  reaches  5,  the  effect  on  the  incidence  for  some  weeks  will  be 
comparatively  insignificant  The  men  in  barracks  are  then  in  all 
probability  infecting  one  another  through  malaria-bearing  anophelines. 
In  such  instances  the  maximum  prophylactic  doses  of  quinine  should  be 
commenced  at  once,  viz>,  5  grains  daily  for  6  days  and  15  grains  on  the 
Vth  day  every  week,,  or  15  grains  on  two  consecutive  days  weekly.  The 
condition  of  malaria  in  the  civil  population  is  another  useful  guide  as 
the  time  to  begin  quinine  prophylactically.  In  troops,  as  a  rule,  the 
maximum  incidence  occurs  later  than  it  does  in  the  civil  population 
of  the  same  stations,  the  number  of  residual  cases  of  malaria  being 
greater  in  the  latter  than  in  the  inhabitants  of  cantonments.  In 
practically  all  instances  in  which  they  are  taken  it  will  be  found 
that  the  spleen  index  and  endemic  index  of  the  civil  community  in  the 
neighbourhood  of  cantonments  is  higher  than  in  cantonments. 

Most  effective  method  of  using  quinine  prophylactically.— One's 
personal  experience  is  that  the  best  prophylactic  dose  of  quinine  during 
the  malarial  season  where  malaria  is  comparatively  mild  is  5  grains 
daily ;  where  it  is  severe,  5  grains  daily  for  6  days  and  10  grains  on  the 
7th  day  weekly,  and  where  it  is  very  severe,  5  grains  for  6  days  and  15 
grains  on  the  7th  day  weekly.  With  these  three  degrees  of  malarial 
intensity  it  is  probable  that  the  results  of  10  or  15  grains  once  a  week, 
10  grains  twice  a  week,  and  15  grains  twice  a  week,  in  the  last  two  cases 
on  consecutive'  days,  would  be  slightly  inferior  to  those  recommended 
above. 
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Personally  one  does  not  approve  of  Koch's  "  long  interval  prophy^ 
luxis",  and  in  stations  with  severe  malaria  I  consider  it  inadvisable. 

The  great  objection  to  the  daily  use  of  quinine  as  a  propliyl'aotic  to 
troops  is  that  connected  with  its  administration  under  responsible 
supervision.  One  has,  however,  seen  it  carried  out  in  several  regiments 
without  the  least  trouble.  Tablets  are  much  more  popular  than 
solution  of  quinine.  The  great  advantage  of  the  five-grain  dose  is  that 
it  never  has  any  deleterious  effect  and  never  cinchonises. 

All  children  in  cantonments  with  enlargement  of  the  spleen  should 
get  a  three  mouths'  course  of  curative  quinine  treatment,  receiving  a  dose 
daily. 

When  anti-mosquito  and  anti-larval  measures  are  impracticable  or 
hopelessly  futile,  our  methods'  of  prevention  are  limited  to  the  use  of 
quinine  prophylactically,  segregation,  and  mechanical  defence  against 
mosquitoes  (^mosquito  curtains;  of .  healthy  and  infected  alike  and 
complete  treatment  by  quinine  of  all  malarial  cases  to  eradicate  the 
parasite. 

Eradication  of  malaria  from  children  living  in  cantonments.— 

In  a  recent  report  on  malaria  I  wrote :  "  I  would  strongly  recommend 
that  all  children  up  to  10  years  of  age  (including  those  of  European 
troops)  living  in  cantonments,  be  given  quinine  curatively  for  a  period 
of  three  months  during  the  ensuing  year.  If  on  account  of  tlie  expense 
all  such  children  cannot  be  given  it,  1  would  recommend  that  every 
child  with  enlargement  of  the  spleen  be  given  it  .for  that  period. 
This  course  may  be  commenced  at  any  period  of.  the  year.  Say  it 
is  begun  on  the  1st  January,  by  the  end  of  the  yeiir  its  effects  .on 
the  malarial  incidence  in  troops  would  be  ascertained.  The  object 
aimed  at  is  to  eradicate  malarial  parasites  from  these  children. 
This  three  months'  treatment  would  only  be  necessary  once,  for 
although  there  would  in  succeeding  years  be  once  more  a  gradual 
rise  from  a  low  spleen  index  to  a  higher,  the  rate  of  this  rise  depending 
on  the  assiduity  with  which  cases  of  malaria  occurring  in  children 
were  treated,  the  effects  would  last  for  some  years  at  least.  When  the 
Spleen  rate  m  any  future  year  reached  25  per  cent.,  the  method,  in 
possibly  a  more  perfected  form,  could  be  adopted  again.  I  would 
iiere  plead  for  a  trial  of  this  method  and  that  it  be  carried  oufe 
under  rigid  supervision  and  in  a  way  that  will  not  wound,  the 
susceptibilities  of  the  parents." 

One  has  drawn  up  a  scheme  indicating  what  is  considered  the  best 
general  method  of  carrying  out  this  eradication  of  malaria  in  can- 
tonment children.  It  is  possible  that  local  circumstances  may  call 
for  modifications  of  it.  In  all  cases  the  details  as  to  the  methods  of 
distribution  in  units  requires  thought,  judgment  and  tact,  so  as  not  to 
arouse  prejudice  "against    the  lirug.      It   is    advisable  that  Medical 
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Officers  endeavour  to  explain  to  parents  the  advantages  of  the  use  of 
quinine  to  the  children,  and  the  objects  of  the  continuous  administration 
for  the  period  of  three  months. 

The  drug  will  have  to  be  taken  to  the  different  follower's  lines  and 
regimental  bazars  and  a  daily  parade  of  all  children  held.  This  parade 
should  invariably  include  all  children,  wliether  with  or  without  enlarge- 
ment of  the  spleen,  for  by  this  means  any  cases  of  malarial  fever  met 
with  would  be  at  once  placed  on  the  list  of  those  to  get  a  three  months' 
course.  The  parents  should  not  be  relied  on  to  administer  the  drug  to 
children.  In  the  case  of  European  Troops'  children,  the  parade  for  the 
inspection  and  issue  of  quinine  could  be  carried  out  at  the  more  central 
of  the  married  quarters,  and  should  be  invariably  supervised  by  a 
Medical  Officer. 

The  method  proposed  is  as  follows : — 

1.  An  indent  for  a  three  months'  supply  of  quinine  of  50  per  cent, 
of  the  children  of  all  units,  including  those  of  followers,  should  be  sub- 
mitted taking  the  average  at  three  grains  a  day  for  eiioh  child.  This  is 
assuming  that  only  half  the  children  have  enlarged  spleen  ;  in  some 
cases  the  proportion  will  be  lower,  in  most  it  will  be  higher. 

2.  A  spleen  index  should  be  taken  of  all  children  in  cantonments 
attached  to  each  unit,  a  nominal  roll  of  those  with  enlargement  of  the 
spleen  being  made  at  the  same  time.  This  should  be  taken  by  the 
Medical  Officer  in  charge  of  units.  From  this  the  actual  amount  of 
quinine  required  would  be  made  known.  Say  there  were  150  children, 
including  those  of  followers  and  combatants  ;  this  would  mean  that  about 
an  half  ounce  of  quinine  a  day,  and  roughly  three  pounds  for  3  months, 
would  be  required. 

3.  A  regimental  order  should  be  published  in  units  that  aZi  children 
are  to  parade  daily  at  a  particular  time  and  place,  and  that  all  children 
with  enlargement  of  the  spleen  or  malarial  fever  are  to  be  treated  for 
three  months,  receiving  a  dose  of  quinine  daily. 

The  nominal  roll,  which  would  give  the  ages,  informs  the  Medical 
Officer  as  to  the  number  of  half  grain  and  one  grain  powders,  or  the 
amount  of  mixture  required  for  children  up  to  2  years.  For  those  over 
two  years  pills  or  tablets  can  be  administered.    The  dosage  would  be— 


Years  of  age 

Uuder  1 

1 

2 

3  to  5 

7 

10 

Dose  in  grains 

it 

1 

li 

2 

3 

5 

4,  In  the  case  of  native  units  the  administration  should  be  carried 
out  by  the  Medical  Officer  and  the  Hospital  Assistant.  With  European 
Troops,  by  the  Medical  Officer  attached  to  the  unit  and  an  Assistant 
Surgeon,  or  the  Hospital  Assistant  doing  duty  with  the  Cantonment 
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Hospital.  In  large  cantonments,  a  Hospital  Assistant  on  special  duty 
could  carry  this  out  under  a  Medical  Officer. 

5.  At  each  distribution  the  nominal  roll  would  be  called  and  the 
name  of  each  child  on  the  roll,  as  it  gets  its  dose,  be  ticked  off. 

6.  I  would  also  recommend  that  this  quinine  treatment  of  all 
children  with  enlarged  spleen  be  supplemented  by  the  use  of  an  applica- 
tion of  the  red  iodide  of  mercury  ointment  of  the  British  Pharrnacopoeia, 
made  with  simple  ointment  from  bazar  ingredients.  It  is  cheap, 
and  such  an  application  would  appeal  to  the  parents  and  give  confidence 
in  the  whole  course  of  treatment.  The  mothers  could  apply  it  to  the 
children  or  the  latter  to  one  another.  A  brief  monthly  report  of  the 
progress  of  the  work  and  its  effects  would  be  forwarded  by  Medical 
Officers  of  units  to  the  Senior  Medical  Officer,  and  at  the  end  of  the 
three  months,  a  more  detailed  statement  would  be  submitted  showing 
the  amount  of  quinine  and  ointment  used,  the  effects  on  the  incidence 
of  malarial  fevers  and  on  enlargement  of  the  spleens  in  the  children. 

It  would  probably  be  difficult  to  obtain  a  sufficent  number  of  one- 
grain  tablets,  hence  for  smaller  cliildren  pills,  powders,  or  mixture 
will  be  required.  F'or  infants  quinine  solution  is  the  most  convenient^ 
in  tlie  proportion  of  one  grain  to  two  drachms  of  water. 

1  consider  this  curative  treatment  of  all  children  living  in  canton- 
ments by  quinine  for  at  least  three  months,  that  is  daily  dosage 
according  to  age  for  this  period,  and  subsequently  during  the  malarious 
season  the  use  of  quinine  prophylactically,  to  be  urgently  necessary. 
The  object  arrived  at  is  the  eradication  of  malarial  parasites  from  that 
portion  of  the  cantonment  population  mainly  harbouring  them,  and 
tlirough  whom,  with  the  aid  of  malaria  -carrying  anophelines,  malarial 
infection  is  to  a  large  extent  maintained  in  canlonmeots. 

One  is  confident  that  if  rigidly  carried  out  in  its  integrity  under 
responsible  supervision,  its  degree  of  success  will  be  considerable,  and 
that,  if  even  partially  carried  out,  it  will  effect  a  marked  reduction  of 
the  malarial  incidence  in  troops. 

Mosquito  nets  and  mosquito-proof  doors  and  windows.— In  the 

case  of  European  soldiers  in  barracks  located  close  to  native  quarters 
and  the  breeding  grounds  of  anophelines,  when  these  latter  places 
on  account  of  the  expense  or  for  other  reasons  cannot  be  abolished, 
it  is  probable  that  the  best  method  of  prophylaxis  is  that  of  providing 
wire-gauze  mosquito-proof  doors  and  windows,  or  mosquito  nets  for  beds, 
and  the  regular  prophylactic  use  of  quinine  during  the  malarial  season. 

The  objection  made  to  mosquito  nets  is  that  during  the  hot 
summer  iiiglits  they  are  warm  inside  and  close  out  the  wind.  This 
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objection  may  be  overcome  by  allowing  the  men,  after  the  monsoons 
have  set  in  and  the  great  summer  heat  subsided,  to  sleep  in  tents, 
located  at  least  half  a  mile  from  any  source  of  malarial  infection. 
This  is  a  compromise  on  the  method  of  segregation  of  the  healthy 
from  those  infected,  In  most  parts  of  India  as  the  hottest  months  are 
not  the  most  malarious,  and  the  nights  are  comparatively  cool,  this 
objection  to  mosquito  nets  does  not  hold  good.  In  all  probability  if 
mosquito  nets  were  issued  to  all  soldiers  free,  they  would  be  used  and 
malarial  fevers  considerably  reduced  in  the  army. 

When  so  issued  their  proper  use  and  care  should  be  made  a  matter 
of  discipline.  From  personal  experience  one  knows  that  soldiers  willingly 
and  iutelligently  use  mosquito  curtains  provided.  IVIany  soldiers  in 
different  stations  buy  their  own  mosquito  nets,  in  other  stations  this 
purchase  is  aided  by  regimental  or  institute  funds.  Hence  it  cannot 
be  stated  that  heat  prevents  the  use  of  mosquito  nets.  Nets  are 
specially  necessary  for  European  troops  when  quartered  in  forts  and 
other  localities  in  the  midst  of  native  towns  and  cities,  where  anti- 
mosquito  measures  are  impracticable.  This  is  the  case  in  such  places 
as  the  forts  in  Delhi,  Agra,  Fatehgarh,  Lahore,  Ferozepore,  etc.  In  such 
cases  it  is  also  very  necessary  to  change  the  fort  garrison  as  repeatedly 
as  practicable — once  a  month  at  least. 

The  introduction  of  mosquito-proof  wire-gauze  doors  and  windows 

for  barracks  in  malarious  stations  would,  on  the  whole,  be  probably 

one  of  the  most  economical  ways  of  reducing  the  admission  rate  for 
malaria  in  European  troops  in  this  country. 

No  matter  what  form  of  mechanical  protection  is  provided  one 
would  emphasise  the  necessity  of  continuing  such  minor  works  as  can 
be  carried  out  by  mosquito  brigades,  especially  the  abolishment  of  all 
small  breeding  places  of  mosquitoes,  filling  up  hollows  and  borrow-pits, 
draining  off  small  collections  of  water,  grading  ditches  and  keeping 
them  clear  of  weeds,  oiling  pools  that  cannot  be  removed,  etc.  This 
work  should  be  in  the  hands  of  the  Cantonment  Committee  and  super- 
intended by  the  Sanitary  Officer  of  the  station  under  the  orders  of  the 
Senior  Medical  Officer.  Anti-mosquito  measures  are  in  many  stations 
regarded  as  impracticable  owing  to  the  difficulties  of  dealing  with  rice 
fields,  irrigation  canals,  and  other  large  masses  of  water  in  and  around 
cantonments.  In  some  cases  the  efforts  of  cantonment  authorities  are 
rendered  futile  because  the  breeding  grounds  of  mosquitoes  are  near 
cantonments  and  under  the  jurisdiction  of  civil  municipal  commissioners 
who  will  not  co-operate. 

Prophylactic  measures  against  malaria  in  cantonments  should 
be  independent  of  the  measures  adopted  by  the  civil  community. 
In  the  case  of  a  regiment,  company,  troop  cr  battery  living  in  quarters 
located  near  native  bazars  in  civil  lines,  and  close  to  numerous  breeding 
places    of   anophelines  in  such  lines,  anti-malarial  measures  to  be 
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successful  must  be  independtMitly  carried  out.  This  is  a  question  affect- 
ing the  anti-malarial  and  anti-mosquito  measures  of  almost  every  large 
cantonment  in  India. 

Punkahs  are  used  in  all  European  barracks  and  help  to  keep  off 
mosquitoes,  but  they  are  certainly  not  a  reliable  protection  against 
mosquito  bites.  In  many  stations  in  the  United  Provinces  and  Punjab 
such  as  Meerut,  Delhi,  Peshawar,  Rawalpindi,  etc.,  punkahs  are 
stopped  before  the  end  of  the  anopheline  season  on  account  of  the  cold 
nights. 

Rational  hygienic  living  as  an  aid  to  prophylaxis  of  malaria.— 

To  maintain  good  health,  however,  in  malarious  stations,  all  other 
precautions  as  regards  personal  hygiene  are  to  be  adopted,  temperance 
in  eating  and  drinking,  abundance  of  healthy  exercise,  good  and  whole- 
some food,  protection  from  chills,  etc.  These  are  dealt  with  under 
Prophylaxis  in  the  Individual. 

In  all  cantonments  printed  slips  regarding  the  causation  of  malarial 
fevers  and  describing  methods  of  prophylaxis  should  be  distributed  to 
all  inhabitants  and  posted  in  conspicuous  places.  The  main  points  to 
be  alluded  to  in  such  leaflets  are  given  on  pp.  250,  251. 

Repeated  changes  of  troops  from  malarial  to  non-malarial  places 
may  have  the  effect  of  introducing  endemic  malaria  into  the  latter,  or 
of  making  slightly  malarial  localities  highly  malarial.  There  have  been 
several  instances  of  this  in  cantonments  in  late  years. 

Malaria  in  the  Army  in  India  is  usually  mild.  —In  military  life 
in  India,  except  in  a  few  stations,  we  do  not  see  the  more  virulent 
effects  of  malaria,  nor  the  results  of  chronic  and  repeated  malarial 
infection  such  as  one  meets  in  villages  in  endemic  malarial  districts, 
for  the  simple  reason  that  amongst  our  troops  severe  malarial  infection 
is  at  once  brought  under  treatment,  and  relapses  and  re-infections  are, 
to  a  certain  extent  at  least,  kept  under  control  by  periodical  doses  of 
quinine  in  cases  of  known  infection,  and  quinine  prophylaxis  when 
general  infection  threatens.  Our  troops  are  better  housed,  fed,  clothed 
and  looked  after,  than  the  general  native  community  of  the  country. 

Malaria  imported  by  returning  furlough  men.— In  the  question 
of  general  epidemiology  and  prophylaxis  the  amount  of  malaria  met 
with  amongst  our  European  troops  in  India  is  comparatively  infin- 
itesimal, ahd  the  number  of  such  troops  that  acquire  malaria  from  one 
another  through  anophelines  is  probably  small.  The  same  cannot 
however  be  stated  of  our  Native  Army.  While  the  latter  occupy  our 
barracks,  even  in  stations  that  are  endemically  malarious,  we  should  by 
all  t\w  measures  iit  our  disposal,  be  able  to  prevent  malarial  infection 
becoming  widespread.  This  does  not  hold  good  with  those  who  leave 
their  regiments  to  go  on  furlough  yearly.  Each  nativi;  regiment  is 
allowed  to  send  15  to  4U  per  cent,  of  men  to  their  homes  tbr  several 
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mohths  every  year.  They  either  in  going  and  coming  from  their  homea 
have  to  pass  through  intensely  malarial  zones  (as  occurs  with  the 
troops  of  all  our  Gurkha  regiments),  or  their  homes  are  situated  in 
endemically  malarial  places  which  is  the  rule.  The  same  holds  good  with 
all  recruiting  parties  going  to  and  returning  from  these  places,  and  with 
recruits  coming  from  them.  The  return  of  these  men  (except  in  non- 
anopheline  hill  stations,  as  in  the  case  of  Gurkhas  in  the  higher  hill 
stations)  serves  to  disseminate  malaria  amongst  other  men  of  the  corps 
through  anophelines,  and  where  there  are  ICuropean  troops  in  the  station, 
probably  to  these  also.  The  obvious  remedy  here  is  to  allow  men  to  go  to 
their  homes  only  during  the  non-malarial  season  and  to  carry  on  recruit- 
ing during  this  season  also  ;  or  to  provide  them  with  sufficient  quinine 
to  be  used  prophylactically  throughout  the  period  they  are  on  leave 
or  on  duty.  When  quinine  is  thus  provided  full  instructions  as  to  how 
it  is  to  be  taken,  and  if  it  is  found  that  it  is  not  used,  this  should  be  dealt 
with  as  a  disciplinary  measure.  My  personal  experience  of  the  use 
of  quinine  in  this  way  is  that  it  is  very  unsatisfactory  and  only  influences 
the  malaria  to  a  small  extent.  It  is  better  to  examine  ail  returning 
furlough  men  for  malaria  and  treat  all  cases  of  infection  found  with 
quinine  for  three  months. 

Medical  inspection  of  troops  and  followers  before  going  on  field 
service.— By  regulation  every  regiment  must  be  medically  inspected 
as  to  its  physical  fitness  before  going  on  service  The  medical  history 
of  regiments  should  be  examined  as  regards  malaria.  All  men  with  a 
strong  malarious  history  should  be  rejected,  not  only  on  account  of  their 
being  temporarily  "  unfit,"  but  because  in  the  presence  of  anophelines, 
they  are  a  source  of  infection  to  others.  All  followers  must  also  be 
examined.  They  are  much  more  likely  to  be  infected  than  the  troops 
as  many  of  them  live  in  bazars.  Previous  residence  in  the  hills  is  a 
point  in  favour  of  sending  a  regiment  on  a  campaign.  One  could  quote 
numerous  instances  from  the  records  of  campaigns  in  the  Indian  Empire, 
where  the  advantages  of  this  were  demonstrated. 

Campaigns,  marches,  or  journeys  through  malarious  districts  should, 
when  practfcable,  be  undertaken  during  the  known  non-malarious 
months. 

A  large  number  of  the  permanently  established  camping  grounds 
on  the  main  roads  between  stations  are  located  adjacent  to  native 
villages,  and  are  therefore,  for  reasons  already  stated,  sources  ot  i°tec- 
tionto  troops  occupying  them  during  the  anopheline  season.  Most  of 
these  camps  were  fixed  upon  antecedent  to  the  establishment  of  the 
mosquito-malaria  hypothesis.  Camps  thus  located  are  convenient  as 
regards  water  and  supplies  generally,  but  we  should  be  aware  of  the  risks 
when  locating  troops  in  them.  Quinine  prophylaxis  is  often  required 
under  this  circumstance. 

One  can  recall  instances  of  the  ordinary  selected  regular  camping 
grounds  for  troops  on  the  march  from  one  station  to  another  where 
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these  conditions  prevailed  and  which  accounted  for  most  of  the  cases  of 
malaria  occurring  among  the  soldiers. 

Prophylactic  issue  of  quinine  on  field  service. -If  the  malarious 

tract  covers  more  thcan  one  day's  march,  a  prophylactic  ration  ot  6 
o-rains  of  quinine  should  be  given  every  morning,  beginning  with  the 
morning  of  the  first  march.  So  long  as  the  force  continues  in  the 
malarious  region,  this  prophylactic  ration  of  quinine  must  be  continued. 
It  may,  in  some  very  malarious  places,  be  necessary  to  give  10  grains 
daily. 

Tablets  are  more  popular  than  mixture  and,  all  things  considered, 
are  the  most  practicable  method  of  using  quinine  on  field  service.  It  is 
specially  necessary  that  the  men  should  have  a  meal  of  coffee  or  tea 
and  some  solid  food  each  morning  before  marching.  When  a  malarious 
country  has  to  be  marched  through,  a  full  stock  of  quinine  for 
prophylactic  use  should  be  supplied  to  regimental  hospitals,  field 
hospitals,  and  field  medical  depots.  In  reputedly  malarious  regions 
the  force  should  avoid,  when  possible,  camping  in  the  neighbourhood 
of  villages  and  towns— the  youthful  population  of  such  places  and 
many  of  the  adults  are  infected  with  malaria.  Anopheliues  of  the 
malaria-bearing  species  are  necessarily  present,  and  if  our  camp  is 
within  their  range  of  flight,  troops  must  get  infected.  In  such  places 
the  local  residents  should  be  excluded  from  camps,  and  our  meu 
prohibited  from  entering  the  villages  or  towns. 

Latent  malarial  infection  always  with  the  force.— In  taking  the 
field  it  may  be  said  that,  as  in  the  case  of  enteric  fever,  we  have  always 
a  large  number  of  cases  of  malarial  infection  in  the  force,  who,  in  the 
presence  of  malaria-bearing  anophelines,  are  a  source  of  danger  to 
others.  This  arises  partly  from  the  way  in  which  we  treat  cases  of 
malarial  fever  in  the  army  in  India.  The  ideal  way  of  treatment  in 
a  regimental  hospital  would  be  the  complete  isolation  of  malarial 
fever  cases  from  others  by  day  and  night  in  mosquito-proof  wards, 
the  administration  of  quinine,  and  its  continuance  until  all  the  gametes 
(sexual  forms  of  the  malarial  parasite)  have  disappeared  from  the 
peripheral  circulation.  Even  then  it  is  probable  that  some  cases  of 
latent  malarial  infection  would  escape,  as  gametes  may  sometimes  not 
be  found  in  the  peripheral  circulation  for  weeks,  but  are  present  in 
internal  organs  such  as  the  spleen,  liver,  red  marrow  of  bones  and  brain. 

Main  anti-mosquito  measures  for  cantonments. — The  chief 
anti-mosquito  measures  required  in  cantonments  are  included  in — 
rough  canalisation  of  rivers,  streams,  irrigation  canals  and  water- 
courses generally  ;  levelling,  grading  and  embanking  of  rain-water 
channels,  ditches  and  roadside  drains;  filling  up  of  tanks,  borrow- 
pits,  excavations  and  depressions  generally ;  covering  of  disused 
wells;  covering,  or  periodical  emptying,  or  kerosining  water  cisterns; 
filling  up  excavations  for  bullock  runs  ;  kerosining  twice  a  week  all 
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small  collections  of  water  that  cannot  be  abolished  ;  prevention  of 
excavations  for  building  purposes  within  1,000  yards  of  cantonments; 
removal  of  brick  factories  to  1 ,000  yards  at  least  of  cantonment  limits  ; 
and  disuse  of  grass  farms  witliin  500  yards  of  barracks  when  these  are 
near  the  breeding  grounds  of  anophelines.  Each  of  the  measures 
enumerated  is  dealt  with  under  a  separate  section  more  or  less  in  detail. 
One  would  here  only  refer  to  a  few  that  appear  to  be  of  special 
importance. 

Rough  canalisation  of  streams. — Where  rivers  run  along  canton- 
ments it  is  possible  by  proper  embankments  and  regulation  of  the 
bed  dming  the  seasons  of  low  water  to  considerably  lessen  the  facilities 
for  the  breeding  of  anophelines.  One  is  constantly  reading  in  reports 
that  because  a  river  or  a  large  irrigation  channel  is  on  the  confines 
of  cantonments  and  town,  it  is  useless  to  make  any  effort  to  reduce 
anophelines.  This  policy  of  allowing  things  to  continue  in  the  old 
way  is  one  that  is  responsible  for  much  of  the  inactivity  displayed  in 
regard  to  anti-mosquito  measures. 

Irrigation  channels.— Where  irrigation  channels  run  along  can- 
tonments with  various  branches  through  regimental  lines,  as  at 
Peshawar,  Mardau,  and  many  other  places  in  the  Punjab,  something 
can  be  done  by  (1)  placing  an  automatically  acting  dropper  containing 
kerosiiie  oil  at  the  head  channel ;  (2)  grading  and  levelling  the  channel 
so  as  to  maintain  a  flow  of  at  least  2^  feet  per  second  ;  (3)  clearing  it 
of  all  grass  and  weeds  periodically.  Weeds  and  grass  may  be  preven1;ed 
by  a  similar  automatically  acting  dropper  containing  a  solution  of 
sulphate  of  copper  (strength  1  lb.  to  10  gallons  of  water).  Where  the 
cantonment  can  afford  it,  these  channels  should  be  made  pucka  ;  where 
not,  then  the  men  operating  as  a  mosquito  gang  can  keep  it  level,  and 
by  rough  canalisation  and  proper  grading  maintain  a  uniform  flow. 

Brick  factories.— No  brick  factory  should  be  allowed  within  ),000 
yards  of  cantonments.  The  making  of  barracks  for  native  troops  and 
followers  with  pucka  bricks  joined  by  cement  would  do  away  with  the 
excavations  now  made  by  the  use  of  mud  walls  and  sun-dried  bricks. 
The  initial  cost  would  be  greater  but  the  outlay  is  justified  from  many 
points  of  view. 

E ice  cultivation.  — Kice  cultivation  should  not  be  carried  on 
within  a  mile  of  cantonments. 

Thatch  roofs  foster  mosquitoes. — Thatch  should  not  be  used  for 
the  use  of  native  troops  or  native  followers'  barracks.  Thatch  roofs 
harbour  mosquitoes  during  the  malarious  season,  and  also  serve  as  places 
in  which  they  may  either  hibernate  or  testivate  during  the  non-breeding 
seasons,  that  is,  in  winter  and  summer.  Tiles  are  preferable.  Mosquitoes 
cannot  stand  the  heat  attained  by  tiles  during  the  summer.  During 
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and  for  a  time  after  the  rainy  season  it  is  much  easier  to  capture  ano- 
pheh'nes  in  a  thatched  house  than  in  any  other. 

The  creation  of  borrow-pits  or  excavating  the  surface  soil  for 
any  purpose  wliatsoever  should  be  strictly  prohibited  within  1,000 
yards  of  cantonments— the  nearer  this  limit  is  to  a  mile  the  better. 

The  construction  of  barracks  should  not  be  considered  completed 
until  every  excavation  within  1,000  yards  created  during  such  con- 
struction has  been  filled  up  and  properly  levelled. 

Mosquito  gangs  in  cantonments. —The  mosquito  gangs  of  can- 
tonments are  chiefly  employed  in  kerosining  large  and  small  collections 
of  surface  water,  disused  wells,  garden  cisterns  and  fire  bucketsi 
Kerosining  large  bodies  of  water  is  a  useless  waste.  The  sphere  of 
usefulness  of  mosquito  gangs  can  be  considerably  extended.  Import- 
ant parts  of  their  real  duties  are — filling  up  small  and  medium-sized 
borrow-pits,  holes,  excavations  and  depressions  in  the  ground  generally, 
including  the  shallower  parts  of  large  tanks  ;  collecting  old  pots  and 
pans,  broken  and  discarded  chatties,  broken  bottles,  and  anything  in 
which  water  may  collect ;  removing  grass  and  weeds  from  roadside 
and  other  drains  and  ditches;  levelling  the  beds  of  large  and  small 
katcha  roadside  drains  and  ditches,  and  collecting  anopheline  larvne. 

This  work  should  be  carried  out  systematically,  the  labour  fairly 
divided  amongst  the  men.  the  work  regularly  supervised  by  some  res- 
ponsible cantonment  authority,  such  as  the  Cantonment  Magistrate, 
Cantonment  Sanitary  Inspector,  Sanitary  Officer,  Senior  Medical  Officer, 
and  other  members  of  the  cantonment  staff.  These  officials  should  be 
acquainted  with  all  possible  breeding  grounds  of  anophelines  in  the 
station  and  allot  tasks  to  the  mosquito  gangs. 

Another  use  of  mosquito  gangs  is  that  they  keep  people  interested 
in  the  work  of  mosquito  reduction  in  their  compounds,  and  in  anti- 
malarial measures  generally.  The  success  achieved  also  indicates  how 
readily  and  inexpensively  anti-mosquito  measures  on  a  small  scale  can 
be  carried  out  in  private  bungalows. 

In  a  mosquito  gang  of  three  men,  one  should  be  provided  with  a 
pick,  another  with  a  shovel,  the  third  carrying  the  larvicide  used,  as  well 
as  wide-mouthed  bottles  for  anopheline  larvae,  when  collecting  these  latter. 
These  bottles  should  be  ready  labelled,  and  one  of  the  three  men  should 
be  able  to  write  in  vernacular  where  the  anopheline  larvas  were  found. 
The  more  useful  and  intelligent  of  the  three  should  be  the  headman, 
who  keeps  the  gang  at  work  and  does  the  same  work  as  the  others,  him-' 
self  getting,  say,  one  rupee  a  month  more  pay.  All  larvaa  collected 
should  be  examined,  in  large  stations  by  the  Medical  Officer  in  charge 
of  the  station  laboratory,  in  small  stations  by  the  Sanitary  Officer  on 
duty  or  by  Medical  Officers  of  units. 
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•  Mosquito  Inspectors.— One  would  recommeud  that  lor  a  year  or 
so  each  large  cantonment  employ  a  man  for  ascertaining  the  breeding 
places  of  mosquitoes,  capturing  winged  anophelines  and  supervising  the 
work  of  mosquito  gangs.  This  man  would  be  the  Cantonment  Mosquito 
Inspector.  These  duties  could  be  taught  to  any  intelligent  man  within 
a  fortnight.  A  staff  of  such  Inspectors  could  be  readily  created  out  of 
junior  Hospital  Assistants,  and,  although  expensive,  it  would  in  large 
cantonments  be  an  economical  measure  in  the  long  run.  In  their  case 
the  duties  could  be  considerably  extended  and  made  more  technical. 
They  would  ferret  out  every  breeding  place  of  anophelines,  identify  all 
larvee  caught,  capture  adult  anophelines  in  native  quarters  of  canton- 
ments and  in  the  neighbourhood  of  cantonments,  carry  out  blood  exa- 
minations, spleen  indices,  and  thus  localise  the  malaria  in  existence. 
The  same  men  could  as  part  of  their  duty  issue  quinine  to  all  native 
children  in  cantonments  and  keep  registers  of  these  cases.  To  be  of 
special  use,  however,  the  initial  training  of  Hospital  Assistants  in  these 
duties  should  be  sound  so  as  to  make  them  conversant  in  a  practical 
way  with  the  problems  associated  with  the  prevention  of  malaria.  It 
would  be  easy  to  arrange  to  hold  a  class  for  this  training  during  the 
anopheline  season  in  some  large  central  malarious  station.  Such 
training  would  embrace  the  identification  of  the  different  species  of 
anophelines  of  this  country,  their  larvae  and  eggs,  methods  of  capture  of 
winged  anophelines,  breeding  outof  anophelines  from  ova,  demonstrations 
regarding  the  breeding  places  of  anophelines,  diagnosis  of  malarial 
parasites  in  fresh  and  stained  bloods,  methods  of  staining,  the  diagnosis 
of  malarial  fevers  clinically,  the  action  of  quinine,  the  method  in  which 
it  is  used  curatively  in  malarial  fevers  and  prophylactically.  The 
materials  for  such  instructions  are  to  be  found  in  all  malarious  stations 
during  the  malarious  season. 

With  the  progressive  decrease  of  breeding  places  of  anophelines  in 
and  around  cantonments  there  will,  I  believe,  be  a  corresponding  reduc- 
tion in  the  amount  of  quinine  that  will  be  necessary  for  curative  and 
prophylactic  purposes  in  garrisons,  and  the  amount  of  labour  required 
to  keep  down  the  number  of  breeding  places  will  become  yearly  less. 

I  would  recommend  that  in  every  cantonment  printed  leaflets  be 
distributed  and  placarded  in  English  and  the  local  vernaculars  giving 
a  brief  and  simple  account  of  the  essential  causes  of  malaria,  stating 
that  it  is  due  to  malarial  parasites  in  the  blood,  that  these  parasites 
are  conveyed  from  man  to  man  by  certain  kind  of  mosquitoes,  that  these 
mosquitoes  breed  in  water,  and  that  quinine  kills  the  parasites  in  the 
blood.  The  leaflets  should  contain  sketches  of  normal  red  blood  cells, 
red  cells  infected  by  malarial  parasites,  adult  anopheline  and  culex 
mosquitoes,  and  anopheline  and  culex  larvae  in  water,  and  a  few  words  as 
to  how  to  distinguish  the  winged  insects  and  their  larvae.  On  pages  250, 
251  will  be  found  what  one  considers  to  be  the  essentials  of  such  a 
leaflet. 
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J.— Anti-malartal  Measures  in  Jails,  Asylums,  etc 

These  places  are  often  so  located  that  it  is  impracticable  to  take 
into  account  the  outside  population  and  their  environments  and  the 
work  of  prophylaxis  has  to  be  carried  out  independently  of  what  is  done 
outside. 

It  is  in  no  sense  difficult  to  deal  with  the  breeding  grounds  of 
anophelines  in  jails,  asylums,  etc..  but  it  is  not  possible  by  the  jail 
administration  to  deal  adequately  with  immigrant  anophehnes.  Ihe 
chief  obstacle  in  these  institutions  is  fresh  importations  of  malaria 
cases  ;  the  population  of  a  jail  is  a  moving  one,  people  coming  in  and 
<Toing  out,  whilst  a  large  number  of  cases  are  relapses.  The  construction 
of  the  cells,  of  jiiils  is  in  most  cases  such  that  the  limited  space  pre- 
cludes the  use  of  mosquito  nets  in  the  absence  of  artificial  methods  of 
ventilation. 

The  chief  means  at  the  disposal  of  jail  administrations  are  those 
dealing  with  the  smaller  breeding  grounds  of  anophelines  within  the 
premises  and  the  use  of  quinine  prophylactically.  In  every  case  coming 
into  jail  the  blood  should  be  examined  for  malarial  parasites  and  the 
spleen  investigated  ;  every  case  of  malarial  fever  occurring  should  be 
isolated  in  the  hospital  and  thoroughly  treated  by  quinine,  thus 
endeavouring  to  eradicate  malarial  parasites  from  all  prisoners.  Quinine 
should  be  administered  to  the  whole  jail  population  prophylactically 
during  the  malarial  season. 

As  with  gangs  of  labourers  on  construction  works,  a  certain  number 
of  the  prisoners  should  be  formed  into  a  mosquito  gang  under  a  headman ; 
and  one  or  more  intelligent  men  should  be  taught  the  duties  of  mosquito 
inspector  (see.  p.  236). 

The  same  rules  apply  to  lunatic  asylums,  modified,  of  course,  for 
adoption  to  the  conditions  of  asylum  life. 

K — Anti-malarial  Measures  for  Gangs  of  Labourers  and 
Large  Industkial  Works. 

Special  measures  advocated.— The  anti-malarial  measures  to  be 
adopted  for  all  gangs  of  labourers  or  coolies  employed  on  railway  em- 
bankments, canal-works,  road-making,  bridge-construction,  and  on  all 
large  famine  relief  works,  require  in  each  instance  to  be  thought  out  in 
accordance  with  the  local  conditions.  A  thorough  inspection  of  the 
locality  is  necessary  before  determining  any  method  of  excluding  malaria, 
and  we  should  know  the  number  and  classes  of  labourers  to  be  arranged 
for. 

The  area  to  be  occupied  by  the  work  people  should  be  parked  out ; 
a  plan  of  the  hut  to  be  used  should  be  drawn  up  and  followed ;  a  hospital 
shed  should  be  erected  ;  every  coolie  is  to  be  examined  especially  as 
regards  enlargement  of  the  spleen,  and  if  found  suffering  from  present  or 
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comparatively  renent  malarial  infection  he  should  be  isolated  ;  no  case 
with  actual  enlargement  of  the  spleen  should  be  employed  ;  strict  orders 
should  be  issued  preventing  all  forms  of  excavation  ;  all  persons  with  a 
history  of  recent  fever  and  all  infected  persons  should  be  given  quinine 
for  three  months,  all  cases  of  existing  malarial  infection  should  be 
isolated  in  the  hospital  which  should  be  at  least  200  yards  from  the 
coolies'  huts.  All  fresh  arrivals  should  be  similarly  examined  and  dealt 
with.  All  cases  of  chronic  malarial  infection  should  be  eliminated  and 
sent  to  their  homes.  During  the  actual  malarial  season  quinine  should 
be  issued  prophylactically  to  all  labourers,  5  grains  daily  or  10  grains 
on  two  consecutive  days  every  week.  This  issue  should  be  made  under 
responsible  supervision. 

A  short  and  simple  set  of  anti-malarial  rules  should  be  drawn  up. 
These  should  give  in  the  simplest  possible  language  the  causes  of  malaria, 
explain  that  it  is  due  to  parasites  in  the  blood  which  are  introduced 
by  mosquitoes,  the  way  mosquitoes  breed,  and  the  use  of  quinine  in 
preventing  malarial  fevers.  These  rules  should  prohibit  the  creation 
of  borrow-pits  and  excavations  of  all  kinds  which  may  become  the 
breeding  grounds  of  mosquitoes,  and  direct  the  covering  up  of  all  water 
stored  in  the  huts.  The  rules  should  strictly  insLst  that  every  case  of 
fever  report  sick  at  once. 

A  certain  number  of  the  men  should  be  put  on  special  anti-mos- 
quito duty,  their  work  being  much  the  same  as  that  of  mosquito 
gangs  employed  in  towns.  The  mosquito  gangs  should  be  under  one 
of  the  headmen  of  the  labour  gangs,  who  should  be  taught  the  work 
of  mosquito  inspector.  He  should  superintend  tbe  work  of  the  mosquito 
brigade  and  report  daily  to  the  oflfiGer  in  charge.  These  men  should 
be  taught  their  work  at  the  beginning  by  the  Hospital  Assistant  or  by 
the  officer  in  charge.  The  number  of  men  required  will  largely 
depend  on  the  size  and  nature  of  the  work  under  construction,  character 
of  tbe  ground,  and  the  area  covered. 

The  class  of  persons  employed  in  the'construction  works  enumerated 
are  illiterate,  and  usually  of  the  lowest  and  most  impoverished  order 
of  the  community.  Therefore  the  anti-malarial  rules  of  the  camp 
should  be  explained  to  them  by  the  headmen  of  the  individual  gangs. 

When  the  work  is  in  a  malarial  district  the  site  of  the  camps  should 
never,  when  possible,  be  within  half  a  mile  of  villages  or  bazars,  or  other 
habitations  occupied  by  the  local  population. 

As  the  work  progresses  and  the  camp  moves  on,  the  same  measures 
should  be  enforced  in  every  new  site  occupied,  and  all  old  sites  should 
not  be  quitted  until  every  possible  breeding  place  for  mosquitoes  has 
been  abolislied. 

All  such  gangs  of  labourers  should  be  provided  with  a  hospital,  no 
matter  of  how  temporary  a  nature,  with  a  Hospital  Assistant  in  charge, 
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and  where  there  are  a  number  of  such  gangs  in  a  district,  a  visiting 
medical  officer  should  see  that  all  aiiti-malarial  measures  are  being 
carried  out  systematioall}'. 

Amongst  such  gangs  all  cases  ot"  severe  malignant  tertian  should 
be  sent  to  their  homes  if  practicable,  or  arrangements  made  to  send  them 
to  an  adjacent  civil  hospital. 

As  with  soldiers,  so  with  coolie  labourers  and  all  gangs  of  men 
under  control ;  when  infected  by  malaria,  treatment  by  quinine  for  a  few 
days  is  a  mistake,  if  malaria  is  to  be  eradicated.  Each  infected  case 
improperly  treated  is  a  source  of  constant  menace  to  his  companions, 
and  an  added  factor  to  the  maintenance  of  malaria  through  the  medium 
of  anophelines. 

It  is  a  mistake  to  send  healthy  labourers  from  non-malarious  dis- 
tricts to  an  intensely  malarious  one.  Of  men  sent  in  this  way  a  large 
proportion  become  saturated  with  malaria  and  useless  within  a  few 
months.  As  examples  of  the  loss  of  labour  thus  brought  about  are  the 
Gurkha  and  Sikkim  coolies  employed  on  the  tea  estates  in  the  Duars, 
etc.*  When  recruiting  labour  gangs  for  work  in  malarious  areas  it  is 
advisable  to  select  men  from  people  already  immunised  by  previous 
attacks  of  malaria  in  childhood. 

One  has  investigated  the  malaria  of  two  such  collections  of  labour- 
ers, one  in  connection  with  the  Bari  Doab  Canal  works  in  the  Hoshiarpur 
District,  and  the  other  in  connection  with  the  building  of  a  railway 
extension  in  Assam,  and  in  both  these,  there  was  every  condition  that 
could  favour  the  rapid  dissemination  and  intensification  of  malaria. 
One  hazards  the  opinion  that  much  of  the  malaria  produced  under  these 
circumstances  can  be  reduced  and  that  at  comparatively  little  cost. 

One  recognises  that  arguments  (chiefiy  those  connected  with  finan- 
cial difficulties)  can  be  brought  against  some  of  the  suggestions  for 
mitigating  malaria  in  gangs  of  labourers  enumerated  above,  but 
without  entering  into  details  one  would  state,  apart  from  the  enormous 
advantage  to  the  reduction  of  the  distribution  of  malaria  in  India 
effected,  the  actual  saving  in  labour  would  to  some  extent  compensate 
for  the  expense. 

In  all  large  industrial  works  or  factories  the  plan  of  the  huts  to  house 
the  employes  sliould  be  fixed  upon  and  the  area  to  be  occupied  planned 
out  systematically.  The  entire  area  around  these  houses  or  huts  for  a 
distance  of  at  least  100  yards  should  be  cleared  and  levelled,  and  all 
l)Ossible  breeding  places  for  mosquitoes  abolished.  A  hospital  should  be 
openedj-or  ordinary  cases  and  for  the  segregation  of  malarial  cases.  One 
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would  also  recoTnmeiid  the  establishment  of  a  small  mosquito  brigade,  who 
would  deal  with  the  breeding  places  of  mosquitoes  in  the  manner  laid 
down. 

It  would  be  a  wise  economy  to  provide  all  employes  with  quinine 
free  of  charge,  and  to  encourage  its  consumption  as  a  prophylactic  against 
malarial  infection.  During  the  malarial  season  there  should  be  regular 
parades  of  the  establishment  for  their  doses  of  quinine,  ten  grains  of 
which  should  be  given  on  two  consecutive  mornings  every  week  or  five 
grains  daily.  One  would  here  mention  that  in  the  Panama  Ganal  Zone 
quinine  is  to  be  found  in  every  cafe  and  on  every  restaurant  table  free 
to  any  one  that  wishes  to  take  it. 

In  the  tea  gardens  of  Assam  what  has  chiefly  been  relied  on  is  the 
use  of  kerosine  oil  on  waters  in  drains,  ditches,  and  pools  in  the  neigh- 
bourhood of  the  coolies'  houses.  Killing  or  driving  out  adult  mosquitoes 
from  the  houses  and  huts  of  coolies  infected  with  malaria,  keeping  a 
space  around  the  coolie  lines  clear  of  jungle  and  low  vegetation ;  and 
tilling  up  of  all  holes  and  puddles.  The  chowkidars  or  watchmen  are 
given  tins  of  kerosine  oil,  and  they  are  instructed  to  sprinkle  it  along 
the  drains  at  the  end  of  each  shower. "  The  oil  is  carried  down  by  the 
running  water  to  all  the  little  hollows  and  inequalities  wherever  water 
collects.* 

In  the  case  of  large  isolated  estates  there  should,  when  practicable, 
be  a  hospital  for  all  cases  of  malarial  fever,  and  where  this  is  not  possible, 
a  method  for  having  all  hands  employed  systematically  and  regularly 
inspected,  and  all  persons  found  to  be  suffering  from  malarial  fever  or 
enlargement  of  the  spleen  should  be  given  quinine  regularly  for  three 
months. 

L.— Pkophylaxis  in  Houses. 

Construction  of  houses. — Houses  in  malarious  localities  should  be 
constructed  with  special  precautions.  During  the  last  hundred  years  in 
India  in  malarious  districts  there  has  been  little  change  in  the  building 
of  new  houses,  or  in  the  restoration  or  rebuilding  of  old  ones. 

Mosquito-proof  wire-gauze  doors  and.  windows.— In  the  planning 
of  such  houses  the  new  views  regarding  the  part  played  by  anophelines 
in  disseminating  malaria  should  be  kept  in  view.  Mosquito-proof 
houses  provided  with  wire-gauze  for  doors  and  windows  are  a  great  pro- 
tection against  mosquitoes.    The  subject  is  dealt  with  at  pp.  177,  179. 

Whenever  possible  the  house  should  consist  of  two  stories,  in  whi  ch 
case  the  ground  floor  should  not  be  used  as  the  sleeping-room.  The 
bed-room  doors  and  windows  should  be  away  from  flower  beds  and 
vec^etable  gardens.  The  walls  should  be  covered  with  some  light  coloured 
wash,  or  light  coloured  paper— light  colours  are  not  favoured  by  mos- 
quitoes,  

L  M.  GuKGuitsoN,  M.13.,  CM.,  Jowiial  of  Tropical^iMediciiic,  1st  February  1109, 
pp.  31,32." 
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The  domestic  species  of  mosquito,  those  that  naturally  seek  the 
shelter  of  houses  and  huts,  may  be  reduced  by  rigid  attention  to  the 
cleanliness  of  the  interior  of  the  house.  All  unnecessary  curtains  and 
draperies  should  be  removed  ;  clothes  should  not  be  hung  about  on  pegs, 
but  folded  and  placed  in  almirahs  or  wardrobes  ;  boots  and  shoes  should 
be  put  into  cupboards  or  left  in  a  well-lighted  part  of  the  room — mosqui- 
toes seem  to  have  a  s\)eGia\  penchant  (or  leather.  Dark-coloured  clothes, 
curtains  and  drapery  are  specially  favoured  by  mosquitoes  as  their 
places  of  rest  and  shelter  during  the  day  time.  There  should  be  a 
minimum  of  furniture  in  the  rooms,  as  when  there  are  no  morel 
attractive  places  available,  mosquitoes  will  hide  under  tables,  chairs, 
sofas,  and  beds  during  the  day  to  come  out  and  feed  on  the  occupants 
at  night. 

Use  of  fumigants. — The  occasional  use  of  fumigants  is  a  useful 
auxiliary  to  larvicidal  measures.  When,  in  addition,  houses  are  pro- 
tected from  the  entrance  of  mosquitoes  by  wire-gauze  doors  and  windows, 
mosquito-proof  rooms,  or  mosquito  nets  for  beds,  they  should  be  practi- 
cally free  from  mosquitoes.  In  the  absence  of  larvicidal  measures  such 
fumigation  and  mechanical  protection  is  most  useful. 

_  In  using  any  of  the  fumigants  it  is  obvious  that  due  precaution 
against  fire  should  be  taken,  specially  when  live  charcoal  or  wood  is 
used  to  help  the  poison  to  burn.  A  rough  kind  of  shield  may  be  used 
by  placing  the  brazier  or  earthern  vessel  containing  the  fire  on  a  piece 
of  sheet-iron,  tin,  or  zinc,  and  preventing  sparks  flying  by  a  metal  sheet 
of  the  same  kind  in  the  form  of  a  canopy  suspended  over  the  fire  by 
means  of  a  few  piled-up  bricks  or  stones  on  two  opposite  sides.  The 
details  in  connection  with  culicidal  fumigation  are  given  on  p.  182  et- 
seq. 


All  gutters  on  roofs  should  be  properly  graduated  and  thoroughly 
well  laid ;  this  would  prevent  the  lodgment  of  water  or  formation  of 
P°°^J.*^  during  the    monsoons   these  gutters  should  be  periodically 

Refuse  water.— Water  from  bath-rooms  and  cook-houses  should  be 
conveyed  away  from  the  house  by  means  of  proper  drains  ;  it  should  not 
be  allowed  to  flow  over  the  ground  in  the  neighbourhood  of  the  house 
All  houses  should  be  provided  with  a  well-laid  surface  drain  running' 
around  them,  to  carry  away  all  water  to  the  main  or  submain,  and  so 
prevent  pools  forming.  All  cisterns  and  tanks  in  connection  with  houses 
should  also  have  a  drain  round  them.  Such  drain  should  be  brought 
into  connection  with  the  surface  drains  beyond  the  compound  All 
^^r^^''  also^be  provided 

Removal  of  undergrowth.— All  compounds  should  be  kent  fr^P 
trom  the  house.    If  tubs  are  considered  necessary  for  storing  water  they 
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should  be  covered  with  wire-gauze  and  emptied  once  a  week  or  regularly 
kerosined.  They  should  on  no  account  be  kept  in  the  house.  They 
are  one  of  the  most  frequent  abodes  of  mosquito  larvae. 

Covering  of  wells. — All  wells  should  be  covered  with  wire  net  that 
is  mosquito-proof.  It  would  be  a  decided  advance  were  all  wells  of 
Indian  houses  to  be  provided  with  pumps. 

Filling  up  of  hollows  — AH  hollows  should  be  filled  up.  It  is  often 
a  question  as  to  where  to  get  earth  to  fill  in  hollows.  As  a  rule  there 
are  some  slightly  elevated  plots  in  a  compound  that  may  be  levelled  and 
the  earth  used  for  filling ;  or  the  earth  bank  of  a  compound  wall  may  be 
used  Hedges  of  wire  or  bamboo  are  preferable.  Earth  walls  of  this 
kind  only  serve  to  obstruct  drainage  without  serving  any  practical 
purpose.  Where  no  available  earth  is  at  hand,  it  is  possible  to  lower 
the  general  surface  level  a  few  inches  without  harm  and  use  the  material 
for  filling  up  depressions  and  holes. 

One  of  the  most  generally  useful  ways  of  emptying  water  from  large 
hollows  or  borrow-pits  is  to  cut  a  narrow  channel  leading  from  the  hollow 
to  the  closest  surface  drain.  Where  a  number  of  such  small  depressions 
are  close  together  they  might  be  drained  into  the  largest  and  the  latter 
kerosined  if  it  cannot  be  emptied. 

One  of  the  best  methods  of  protecting  a  house  from  the  dust  and 
glare  of  the  hot  weather  is  the  maintenance  of  a  well-kept  lawn  with  a 
few  trees  around  the  compound,  the  latter,  however,  at  a  distance.  The 
fewer  the  flower  beds  the  better.  The  lawn  should  not  be  flooded  with 
water  but  sprinkled  with  it  once  a  day.  In  malarious  places  it  is  not 
.  advisable  to  have  trees  immediately  around  houses,  for  during  the  day 
they  harbour  mosquitoes  which  in  the  evening  get  into  the  house 
through  the  doors  and  windows,  especially  when  the  rooms  are  lighted. 

All  articles  that  can  hold  water  such  as  old  flower  pots,  old  and 
empty  kerosine  oil  tins,  jam  tins,  jars,  broken  bottles,  etc.,  should^be 
carefully  looked  for  throughout  the  house  and  compound,  and  either 
buried  or  thrown  into  some  depression  in  tlie  soil  which  it  is  desirable 
to  fill  in,  or  be  removed  by  the  municipal  refuse  cart. 

The  entire  area  around  the  house  .should  be  carefully  inspected 
after  a  brisk  shower  of  rain.  It  will  then  be  noticed  where  water 
collects.    These  spots  should  be  marked,  filled  up,  and  properly  levelled. 

Supervision  of  anti-mosquito  measures.— The  anti-mosquito 
measures  around  a  house  are  easily  supervised.  All  that  is  necessary 
is  a  walk  round  the  [.remises  twice  a  week  to  see  tliat  the  permanent 
orders  regarding  tlie  prevention  of  breeding  of  mosquitoes  are  carried 
out— that  all  the  garden  cisterns,  tubs,  barrels,  and  all  collections 
of  water  are  emptied  and  cleaned  out  once  a  week.    Mosquito  larvae 
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will  not  thrive  in  ooinparatively  sterile  water,  and  they  cannot 
withstand  the  action  of  direct  rays  of  the  sun  for  a  few  hours.  This 
small  amount  of  trouble  will  go  a' long  way  towards  preventing  malaria, 
to  say  nothing  of  adding  considerably  to  the  comfort  of  being  free 
from  the  attacks  of  mosquitoes.  Where  people  in  a  town  or  a  group 
of  adjacent  houses  work  together,  it  is  possible  to  considerably  lessen 
the  number  of  mosquitoes  in  houses  and  in  some  exceptional  cir- 
cumstances exterminate  them.  In  the  majority  of  cases,  however,  we 
can  only  look  for  a  reduction  in  their  numbers,  the  extent  of  this 
reduction  depending  on  the  assiduity  with  which  occupants  of  houses 
carry  out  the  measures  suggested. 

Legal  responsibilities  of  tenants.  —  All  occupiers  should  be  legally 
responsible  that  no  opportunities  are  given  to  mosquitoes  to  breed  on 
their  premises.    Beyond  the  compound  walls  it  is  the  work  of  the 
municipal  authorities  to  exclude  breeding  grounds  of  mosquitoes.  In 
the  case  of  houses,  as  in  that  of  towns  and  villages,  measures  to  be 
adopted  should  be  thought  out  in  connection  with  local  conditions. 
The  general  directions  given  refer  specially  to  the  individual  bungalows 
in  civil  and  military  stations,  and  the  outskirts  of  towns.    It  may 
be  that  some  of  these  recommendations  cannot  be  carried  out.  Take, 
for  instance,  the  case  of  an  isolated  well-built  house  situated  on  the 
margin  of  an  enormous  swamp  into  which  several  creeks  trickle,  or  a 
house  near  a  large  tank  into  which  the  rain  water  of  the  surrounding  area 
drains.    The  drainage  of  such  a  swamp,  or  the  filling  up  of  such  a  tank, 
which  would  strike  at  the  root  of  the  matter,  would  cost  much  more  than 
the  house  itself.    One's  advice  in  such  a  case  would  be,  if  the  house 
must  be  occupied  during  the  malarial  season,  to  provide  it  with  wire- 
gauze  doors  and  windows,  or  at  least  sleep  in  a  mosquito-proof  room, 
or  under  a  mosquito  net,  and  take  quinine  prophylactically. 

In  private  houses  that  are  re-nted  the  expenses  which  occupants  are 
prepared  to  undertake  will  naturally  depend  on  the  length  of  time  the 
house  is  to  be  occupied.  Most  officials  in  Indian  stations  are  only 
temporary  residents  and  will,  as  a  rule,  find  it  cheaper  to  adopt  temporary 
measures,  such  as  the  use  of  kerosine  oil  on  all  small  collections  of 
water.  Where,  however,  people  are  more  or  less  permanent  residents, 
such  as  business  men  in  large  presidency  and  provincial  towns,  it  will 
be  found  that  a  moderate  outlay  on  permanent  anti-mosquito  measures 
eventually  compensates  more  than  temporary  ones. 

Watering  arrangements  for  gardens.— Canals,  large  and  small, 
especially  when  katciia  and  their  hanks  are  irregular  and  not  kept  clear 
of  grass  and  weeds,  are  popular  breeding  grounds  for  anoptielines.  Taey 
are  specially  objectionable  and  should  never  be  allowed  near  private 
dwelling  houses.  They  lead  to  heightening  of  the  subsoil  water  level 
with  all  its  risks  in  the  production  of  rheumatism,  pulmonary  diseases 
especially  tuberculosis  of  the  lungs,  etc.  The  permanent  resident  is 
advised  to  eschew  the  use  of  irrigation  channels  in  his  compound;  they 
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may  be  a  source  of  income  to  the  professional  cultivator,  but  as  a  rule 
are  only  a  source  of  ill-health  to  the  private  resident  who  has  them  to 
water  his  dower  garden.  The  possession  of  a  garden  is  very  pleasant, 
but  one  knows  that  the  watering  arrangements  are  a  perpetual  source  of 
mosquitoes. 

Water  channels  used  for  conveying  water  from  rivers  or  irrigation  chan- 
nels, to  gardens  and  compounds  are  popular  anopheline  breeding  places. 
Within  his  compound  the  owner  or  tenant  is  responsible  for  these! 
They  cannot  be  considered  nuisances,  and  compulsory  drainage  cannot 
be  insisted  on.  Such  channels  usually  only  run  for  a  few  hours  during 
each  day,  in  which  case  they  need  but  little  attention  as  the  sun  kills 
■the  larvae,  but  when  collections  of  water  spring  from  them,  the  owner  or 
.tenant  is  responsible  that  such  collections  are  prevented  from  becoming 
breeding  grounds  of  anophelines  by  ]3eriodical  emptying,  or  spraying 
kerosine  oil  on  them.  In  the  case  of  swampy  areas  within  compounds 
the  owner  or  tenant  is  directly  responsible  that  they  are  not  breeding 
places  for  anophelines. 

In  most  inland  small  stations  in  India  the  house  garden  is  watered 
by  means  of  water  drawn  from  a  well,  usually  by  bullocks,  the  water 
being  raised  in  a  leather  bag  or  bullock's  skin,  or  by  hand.  It  then 
flows  into  a  -channel  to  one  or  more  cisterns  from  which  either  minor 
-  channels  run  to  the  different  beds,  or  the  water  is  carried  from  them 
in  buckets,  pails  or  garden  cans.  The  bullocks  as  a  rule  work  only  for 
a  few  hours  in  the  day  so  that  the  cisterns  have  to  be  filled  for  storage 
of  the  water  for  the  day.  This  distribution  of  cisterns  is  to  economise 
the  labour  of  the  gardener  in  carrying  the  water.  These  small  cisterns 
form  one  of  the;  commonest  breeding  places  for  mosquitoes  in  all  stations 
and  especially  in  private  houses.*  Fs.  rossi  larvae  are  frequently  found 
in  these  cisterns  and  occasionally  those  of  M .  stephensi  also. 

When  these  cisterns  are  used  they  should  be  provided  with  a  well- 
fitting  cover,  permitting  of  access  to  the  water,  or  they  should  be 
emptied  once  a  week  and  kept  empty  for  several  consecutive  hours 

'  during  the  daytime,  or  treated  with  a  mixture  of  pesterine  and  kerosine 

"  oil  twice  a  week. 

In  the  hot  dry  season  of  the  year  there  should  be  no  breeding  places 
in  or  around  houses.     At  this  time  all  breeding  places  are  artificial,  and 

,  with  a  little  attention,-  breeding  can  readily  be  prevented.  Nevertheless 
one  has  seein  culicines  in  such  vast  cumbers  at  this  time  as  to  be  a 

•.pest.  -  • 

Pools.— All  pools  and  ponds  which  cannot  be  drained  should  get 
.  a  layer  of  kerosine  oil,  preferably  by  spraying  which  avoids  waste. 

,*,Lieut.-Gol,  G-.  Gills,  I.M.S.,  Health  and  Olmate  in  Hot  Countries,  ]p.  109.^  .. 
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M. — Prophylaxis  in  the  Individual. 

Prevention  of  initial  infection  is  always  and  everywhere  a 
possibility. — This  is  now  an  admitted  fact.  Such  immunity  may  be 
secured  by  defences  againsit  the  bites  of  mosquitoes  and  the  prophylactic 
use  of  quinine  during  the  malarial  season. 

Individual  prophylaxis  may  be  secured  by  always  sleeping  under 
a  mosquito  net  or  in  a  mosquito-proof  room ;  by  protecting  all  parts 
of  the  body  from  the  attacks  of  mosquitoes  in  the  evening  by  proper 
clothes;  by  protecting  the  feet  and  ankles  and  legs  by  the  use  of  proper 
boots  (not  shoes)  or  putties  ;  protection  of  the  hands  and  face  is  less 
necessary  as  one  can  always  see  or  hear  mosquitoes  making  for  these 
parts  and  hunt  them  away. 

The  mosquito  net.— The  bed  should  be  broad  having  lots  of  room 
between  the  slf^eper  and  the  r.osquito  net;  the  sides  and  ecds  of  the  net 
should  be  inside  the  poles,  and  the  lower  borders  tucked  well  under  the 
bed,  not  hanging  on  the  grouad.  Where  poles  are  not  available  the  net 
may  be  suspended  from  nails  in  the  wall,  or,  in  a  tent,  by  pieces  of  rope 
or  tape  fixed  in  the  tent  at  points  corresponding  with  similar  ones  in 
the  top  corners  of  the  net.  If  the  bed  is  not  wide,  then  the  lower  foot  of 
the  net  should  be  lined  with  some  additional  cloth  ;  this  prevents  mos- 
quitoes getting  at  parts  that  come  into  contact  with  it  during  sleep. 
The  net  should  always  be  well  adjusted  before  going  to  Sleep— it  is  not 
always  easy  to  prevent  mosquitoes  wandering  inside  the  net.  The  net 
should  be  stretched  tightly  to  allow  the  perflation  of  air.  On  getting 
into  bed  and  fixing  the  net,  the  interior  should  be  examined  for  mos- 
quitoes that  may  have  strayed  in,  and  these  captured  and  killed. 

The  use  of  mosquito  nets  at  night,  or  dwelling  in  mosquito-proof 
rooms,  may  be  looked  upon  as  one  of  the  fundamental  factors  in  personal 
preyent.on  from  malarial  infection  at  present ;  if  either  is  carried  out  in 
its  integrity,  it  renders  one  quite  immune  from  such  infection  even  in 
SviX  "   TT  Pr^P^iyl^^tic  doses  of  quinine  are  always 

advisable  in  order  to  secure  perfect  insusceptibility  to  infection,  especi- 
ally when  not  protected  by  nets  or  mosquito-proof  dwellings. 

viHedTrI'r''ft^^'''^f''''^"^'^°-P'"°°^^°*''"^^«d  windows  are  not  pro- 
^imtatef^^^^^  ""'TT  ^'''''^'j  ''''^  ^^ese  buildings  should  be 

'  XiJt  or?  f   L  ^^rVf^^  ^^^'^^idal  fumilant)  every 

'out  /  -1/  "  '°  f  '^"^^  niosquitoes.  The  methods  of  carrying 
cter(t;'/^7,%7^^""°^^     '^'^y  ^-It  -th  in  the  Sectio'n  on 

punkr?i^p!;L^r'bf  s  tr-.an^"'  ''r?''^' - 

mosquitoes  will  often  attack  LnrH  '''^''f"^'^  '^^^P  ^"  ^uty, 

working  at  full  speed     Even  w^n       -^'"'i'  t^^e  punkah  is 

on  to  the  punkalfftinge  .nd  iT   I         V^^'''  ^  ^«  P'""ed 

:.osquitoes^Ul  ^^^^^^l^L^^i::^^:^-  race, 
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The  use  of  electric  fans  in  sufficient  proximity  to  the  place  where 
one  is  working  or  sleeping  is  an  admirable,  efficient,  and  comfortable 
protection  against  attack  of  mosquitoes. 

The  use  of  hand  punkahs  where  mosquitoes  are  very  persistent  in 
the  evening  is  not  to  be  despised,  but  those  who  rely  on  the  ordinary 
punkah  being  sufficient  to  ward  off  mosquitoes  run  considerable  risk 
of  malarial  infection. 

Quinine  prophylaxis. — Foremost  amongst  all  prophylactic  mea- 
sures for  the  individual  in  malarial  places  is  the  administration  of 
propl\ylactic  doses  of  quinine  during  the  malarious  season.  This  may 
be  taken  in  any  one  of  the  different  ways  referred  to  in  pp.  163,  164, 
which  are  all  applicable  to  individual  prophylaxis.  The  best  way  is 
perhaps  one  dose  of  five  grains  every  morning  before  or  with  breakfast 
or  on  going  to  bed.  supplemented  by  a  ten-grain  dose  instead  of  five  once 
a  week.  In  specially  malarious  localities  it  is  advisable  to  take  ten  grains 
daily;  this  may  be  divided  into  two  doses  of  five  grains  each.  In 
passing  through  endemic  malarial  district  all  servants  should  get  their 
daily  prophylactic  dose  of  quinine  as  well  as  their  masters. 

After  malarial  infection  has  been  acquired  quinine  is  the  only  remedy 
we  possess  that  will  certainly  eradicate  the  parasites.  The  ordinary 
prophylactic  doses  are  then  insufficient,  the  quantity  required  is  larger. 
For  the  curative  treatment  of  malarial  fever  by  quinine  see  pp.  159, 
160. 

Clothes.— It  is  sitting  outside  in  the  evening  resting  after  exercise 
that  mosquitoes  buzz  round  one  and  attack  the  ankles,  hand,  neck  and 
face.  In  the  latter  three  situations  she  is  often  disturbed  at  her  meal 
and  rarely  /nakes  much  headway.  The  ankles  are  a  favourite  spot  and 
she  is  readily  able  to  penetrate  ordinary  socks  with  her  proboscis. 
Even  thick  socks  are  not  always  protective.  They  seldom  penetrate 
flannel  trousers,  but  these  should  not  be  tucked  up  below,  but  arranged 
so  as  to  completely  join  the  shoes  or  boots  and  leave  no  part  of  the 
ankle  exposed.  The  clothes  worn  by  European  children  in  the  mornings 
and  evenings  are  decidedly  dangerous  as  regards  mosquito  attacks,  and 
call  for  some  modification  to  prevent  malarial  infection  by  anophelines. 
For  little  boys  the  ordinary  sailor  suit  answers  the  purpose  if  the  trouser 
legs  are  worn  down  to  the  boots.  The  clothes  of  our  little  girls  also 
seriously  require  some  modification  so  as  to  leave  no  parts  of  the  legs, 
ankles  and  arms  exposed. 

The  low-neck  evening    dress   of  ladies  is  decidedly  dangerous 
as  it  leaves  a  comparatively  large  surface  exposed  for  the  attacks  of 
anophelines  just  at  the  time  when  the  latter  are  seeking  human  blood 
The  evening  dress  should  leave  as  little  as  possible  of  the  upper  part 
of  the  body  and  neck  exposed,  and  it  should  not  be  difficult  to  devi&e 
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some  form  of  evening  dress  which  would  cover  these  parts  with  a 
light  material  puflfed  out  in  such  a  manner  as  to  prevent  mosquitoes 
reaching  the  skin  through  it — Giles. 

During  dinner  and  at  writing  tables  at  night,  mosquitoes  congregate 
beneath  the  tables  in  the  shade  to  avoid  the  artificial  light.  Hence 
it  is  well  to  wear  straps  below  the  trousers.  With  military  men 
at  mess  (who  have  the  additional  advantage  of  Wellington  boots)  this  is 
always  done,  but  with  mufti  evening  dress  it  is  very  essential.  One  has 
lived  in  a  place  where  ladies  wore  putties  in  the  evening  to  protect 
themselves  from  the  attacks  of  the  thousands  of  mosquitoes  which  were 
always  under  table  at  dinner  time. 

Diet,  etc. — Care  should  be  taken  to  maintain  the  general  health  by 
proper  regulation  of  the  diet,  bathing,  clothing,  exercise,  etc.,  and  it  is 
important  to  avoid  constipation. 

Chills.— Avoid  allowing  the  surface  of  the  body  to  get  chilled.  In 
general  terms  it  may  be  said  that  all  external  conditions  that  predispose 
to  rheumatism  also  predispose  to  malaria.*  Proper  clothes  is  a  potent 
agency  to  protect  from  chills  and  mosquito  bites.  This  is  specially  the 
case  in  the  evening  and  at  night. 

Alcohol.-— Alcoholic  habits  or  drinking  at  all  in  excess,  irregular 
hte,  perpetration  of  hygienic  follies,  living  in  insanitary  dwellings,  all 
tend  to  predispose  to  malarial  infection. 

In  travelling  avoid  the  malarious  season  if  possible. -If  travel- 
ling through  malarious  districts  and  the  time  of  the  year  can  be 
selected  for  doing  so,  the  non-malarious  season  should  be  chosen  and 
the  travelling  should  be  done  during  the  daytime.  ' 

Avoidance  of  malarious  houses.-During  the  malarial  season 
avoid  localities  known  to  be  malarious  as  places  of  abode  such  as 
proximity  to  marshes,  banks  of  rivers,  and  avoid  residence  a'diacent  to 
a  native  population  known  to  be  infected  with  malaria. 

Dakbungalows,  etc.-ln  India,  dik  bungalows,  rest-houses,  and 
circuit  bungalows,  are  often  in  the  immediate  vicinity  of  villages  or 
towns.  A  single  night  spent  under  these  circumstances  in  a  dak 
bungalow  etc.  may  be,  and  often  is,  followed  by  severe  malarial  fever, 
if  mosqmto  nets  are  not  used  and  quinine  not  taken.  In  these  houses 
w.re-gauze  doors  and  windows  are  specially  indicated. 

n-n./hpTn  ^^'f  %l^'-^«^utions  are  impracticable  quinine  prophylaxis 
must  be  followed-five  grains  daily  or  fifteen  grains  twice  a  week  on 
two  consecutive  days  while  in  endemic  malarial  areas. 

•'  By  steady  and  united  perseverance  in  preventive  measures  on 
soundjinie^  greatamo^^  be  ^on?  among  nXs  anS 

"  Tl.e  personal  PRKnisPosiNO  Causes  ok  Malaku  ar^ clet^il^J^T^i^,!^!^ 
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Europeans  can  secure  for  themselves  an  almost  entire  freedom  from 
malarial  fevers.  "* 

N. — Anti-malahial  Legislation. 

A  superfluity  of  sanitary  legislation  in  this  country  tends  to 
defeat  its  own  ends,  and  from  ten  years' personal  experience  as  health 
officer  of  a  large  municipality,  one  is  convinced  that  over-legislation 
in  sanitary  matters  is  a  mistake.  One's  general  experience  was  that 
the  inadequacy  of  the  punishments  awarded  did  not  act  as  a  deterrent, 
whilst  it  involved  a  considerable  loss  of  time  in  petty  lawsuits  for 
breaches  of  sanitary  regulations. 

The  actual  working  of  a  well-organised  anti -malarial  campaign 
should  give  very  little  bother  to  the  people,  and  its  beneficial  effects 
would  lead  to  their  co-operation 

While  one  is  averse  to  enforcing  legislation  upon  a  people  who  are 
not  educated  up  to  a  comprehension  of  the  reason  for  laws  instituted, 
the  anti -malarial  sanitarian  should  have  the  support  of  the  law  in  his 
undertakings.  The  following  would  appear  to  be  some  of  the  items 
upon  which  legislation  is  required.  Contractors,  engineers  and  builders 
generally  should  be  forbidden,  under  penalty,  to  in  any  way  interfere 
with  the  course  of  natural  drainage  in  their  undertakings,  and  should  be 
prohibited  from  creating  borrow-pits.  Where  the  latter  are  unavoidable 
they  should  invariably  be  filled  up  hefore  the  work  is  relinquished.  All 
contractors  should  have  a  clause  in  their  contract  binding  them  to  obey 
these  regulations.  Every  line  of  railway  and  every  highway  hitherto 
constructed  in  this  country  has  been  associated  with  the  formation  of 
borrow-pits,  of  which  thousands  of  miles  exist  dispersed  in  all  directions. 
These  form  one  of  the  general  breeding  places  of  anophelines.  It  would 
probably  be  impossible  to  fill  these  in  now,  but  what  can  be  done  is  to 
rohghly  canalise  them  and  allow  the  waters  to  flow  in  the  direction 
of  the  natural  drainage.  Such  a  law  as  that  suggested  would  at  least 
protect  the  country  from  the  effects  of  an  extension  of  these  borrow-pits. 

Other  laws  required  are  in  connection  with  collections  of  water. 
Water  in.  ponds,  pools,  basins,  public  or  private  places  of  resort  or 
residence,  or  in  depressions  or  excavations  made  for  any  purpose  should 
be  covered  -with  some  protective  netting,  or  drained  off  at  least  once  a 
week  or  should  be  covered  with  some  form  of  petroleum  sufficient 
in  quantity  to  form  a  thin  film  over  the  entire  surface  twice  a  week 
Municipalities  should  have  the  power  to  treat  all  stagnant  water  with 
petroleum  in  such  a  manner  as  to  destroy  mosquitoes  where  such  water 
Fs  no  properly  screened  or  protected.  The  chief  object  of  anti-uialanal 
sanTtatln  is  the  destruction  of  mosquitoes  in  the  aquatic  stage  of  their 
existence  to  prevent  the  dissemination  of  malaria  and  other  diseases. 

''^'ttZJi^^ethocU  of  Anti-Malarial  Sanitation.  Medical  Officers  of 

Duars^ufSstem  Bengal,  Journal  of  Tropical  Medicme,  15th  Decembar  1908, 
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Water  kept  in  cisterns,  barrels,  tanks,  earthenware  or  other  utensils 
for  a  period  longer  than  one  week,  should  be  protected  from  mosquitoes. 
8ach  water  containers  may  be  covered  with  wood,  metal  or  wire-gauze. 
Buckets  containing  water  for  longer  than  one  week  such  as  iire  buckets, 
and  other  similar  containers  of  stagnant  water,  should  be  covered  in 
such  a  way  as  to  prevent  the  entrance  of  mosquitoes,  or  treated  regularly 
with  kerosine  and  pesterine. 

The  chief  sanitary  law  required  for  India  is  one  that  would  lead 
to  the  abolition  of  ail  stagnant  surface  tvater. 

With  well  thought  out  anti-malarial  sanitary  legislation,  and  a 
proper  public  spirit,  much  can  be  done  to  lessen  the  maJarial  intensity 
of  endemic  malarial  towns,  stations  and  cantonments. 

The  sanitary  legislation  of  every  province,  town  and  cantonment 
should  contain  clauses  placing  all  collections  of  water  in  which  mosqui- 
toes may  breed  among  the  list  of  nuisances,  and  giving  power  to  all 
municipal  boards  and  cantonment  sanitary  authorities  to  abate  such 
nuisances. 

0. — Education  of  the  Public  in  Anti-malartal  Measures. 

Education  as  an  auxiliary  to  malarial  prophylactic  measures  is 
of  considerable  importance.  There  are  comparatively  few  intelligent 
men  outside  the  medical  profession,  who  thoroughly  understand  the 
rationale  of  our  present-day  anti-malarial  measures.  When  the  sources 
of  malarial  infection,  the  life-history  of  malarial  parasites  in  its  asexual 
and  sexual  phases,  its  method  of  communication  from  man  to  man 
through  the  intervention  of  anophelines,  and  the  methods  of  the 
personal  prophylaxis  are  universally  known,  much  more  will  be  done  by 
individual  effort  than  is  now  the  case.  Such  knowledge  is,  in  the 
question  of  malaria  in  India,  a  long  stride  towards  its  prevention.  We 
know  that  if  the  measures  of  personal  prophylaxis  herein  advocated  were 
carried  out  in  their  integrity,  they  are  completely  efficacious.  The 
diffusion  of  a  knowledge  of  the  facts  which  are  connected  with  epide- 
miological problems  of  malaria  is  essential  to  the  acquisition  of  the 
co-operation  of  all  classes  in  its  prevention. 

The  new  facts  are  to  some  extent  antagonistic  to  the  views  handed 
down  in  India  from  time  immemorial ;  many  firmly  rooted  prejudices 
will  have  to  be  eradicated,  and  the  lessons  of  the  new  epidemiology  of 
malaria  persistently  inculcated  amongst  all  classes  before  we  can  hope  to 
achieve  anything  like  the  success  which  would  follow  the  adoption  of  all 
the  anti-malarial  measures  dealt  with  in  these  pages.  The  universal 
promulgation  of  these  modern  views  of  malarial  prophylaxis  is  urgently 
called  for. 

It  is  urgently  necessary  that  we  should  endeavour  to  inform  the 
public  regarding  our  present-day  views  as  to  the  nature  of  malarial 
parasites  and  the  part  anophelines  play  in  the  dissemination  of  malaria. 
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Medical  men  and  sanitary  officials,  civil  servants,  and  schoolmasters 
throughout  the  country,  should  make  every  eSort  to  diffuse  this  know- 
ledge amongst  the  less  informed  classes  of  the  population. 

In  towns,  civil  stations,  and  military  cantonments,  periodical  lectures 
on  malaria  and  its  prevention,  and  the  part  played  by  anophelines  in 
the  dissemination  of  malaria,  are  iiseful,  serve  to  maintain  interest  in  the 
subject  and  enlist  co-operation  of  the  people. 

The  most  difficult  part  of  the  task  of  the  practical  anti-malarial 
sanitarian  in  rural  malarious  districts  is  the  education  of  the  lower 
classes  regarding  the  etiology  of  malaria  and  its  relation  to  mosquitoes. 

One  has  already  stated  how  it  is  possible  to  inculcate  the  essentials 
of  anti-malarial  measures  amongst  children  at  school  and  tlie  rural 
population.  One  would  aim  at  instructing  village  headmen  in  this 
respect  and  allow  them  to  diffuse  their  knowledge  to  villagers  when  they 
gather  together  under  the  village  tree  in  the  evening,  or  to  do  so  in 
whatever  manner  they  consider  best. 

In  the  light  of  our  recent  knowledge  architects  and  engineers  in 
this  country  should  studiously  consider  the  various  new  problems  in 
anti-malarial  sanitation  It  is  not  intended  that  these  new  views 
should  upset  all  the  building  traditions  in  the  malarious  parts  of  India  ; 
these  cannot  be  ignored ;  what  is  required  is  the  adaptation  of  new 
dwellings  to  the  requirements  of  present-day  sanitary  principles. 

All  engineer  students  in  this  country  should  be  taught  the 
far-reaching  evil  effects  of  creating  borrow-pits  unnecessarily,  and  the 
principles  of  anti-malarial  measures  now  employed  by  all  civilised 
Governments  should  form  part  of  their  curriculum  of  studies. 

The  following  is  a  simple  leaflet  such  as  is  recommended  for  uni- 
versal distribution  :  — 

Causes  and  Prevention  of  Malaria. 

Malarial  fever  is  due  to  parasites  in  the  blood.  There  are  two  kinds  of  cells  in 
the  blood,  red  and  white,    Malarial  parasites  attack  the  red  cells. 

These  pai'asites  are  carried  from  man  to  man  by  certain  kinds  of  mosquitoes. 
The  two  chief  kinds  of  mosquitoes  are  called  Anophelines  and  Culicines.  Anophe- 
lines are  the  malaria  carriers.  Anophelines  when  restinf^  on  a  wall  hold  their 
boiliesat  an  angle  to  it ;  the  head, proboscis  (the  biting  mouth  parts  of  a  mosquitoj, 
and  body  are  in  a  straight  line,  and  the  insect  looks  like  a  small  thorn  stuck 
slautiiic^in  the  wall.  Culicines  rest  with  tlieir  bodies  parallel  with  the  wall 
and  appear  as  if  hunchbacked.  In  anophelines  the  colour  is  light  or  dark  brown, 
ill  culicines  grey,  brown,  or  black  with  white  bands  or  markings.  In  anophelines 
the  wings  are  spotted  ;  in  culicines  the  wings  are  plan. 

Anophelines,  like  all  mosquitoes,  breed  in  water.  In  water  they  lay  eggs,  the 
o^a^  hatch,  and  larvae  are  set  free.  The  eggs  of  anophelines  can  only  just  be  seen 
in  wnter  in  wliich  they  float  singly  ;  the  eggs  of  most  culicines  occur  as  lutle 
buat-bhaped  masses,  those  of  ethers  float  singly. 
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The  liirvte  ol' anophelines  are  easily  known  by  tlieir  lying  tint  just  under  the 
aurface  <>l' thp  water  and  by  their  moving  backwards  in  Jerks;  culicines  liaiig  in 
water  liead  downwards  from  a  long  breathing  tube,  and  by  their  moving  forward 
with  a  wriggling  motion. 

About  a  fortnight  after  tiie  eggs  of  anophelines  are  laid  a  full-grown  mosquito 
is  formed  and  Hies  away.  If  houses  or  huts  are  near,  they  enter  and  teed  on  man's 
blood.  If  the  Mood  contains  malarial  parasites  those  undergo  changes  in  the 
anopheline,  and  in  about  ten  days,  if  they  bite  a  healthy  person,  that  person'  gets 
malarial  fever. 

Anopheliiie.s  raav  breed  in  any  collection  of  water  in  hoiLses,  pools  outside 
houses,  in  cisterns,  drains,  tanks,  wells,  cautls,  streams,  rivers  and  water  channel? 
of  all  kinds.  Hence  it  is  very  important  to  prevent  mosquitoes  getting  at  the  water 
in  or  near  houses  by  keeping  water  vessels  covered,  and  to  prevent  water  collecting 
near  houses;  any  unnecessary  articles  that  can  hold  water,  such  as  old  and  broken 
chatties,  kerosiiie  oil  tins,  broken  bottles,  etc.,  should  be  cleared  away  from  houses. 
Alls  pools  of  stagnant  water  near  houses  should  be  abolished  by  filling  up  the  holes 
in  which  thev  occur.  When  pools  cannot  be  filled  up,  a  little  kerosiue  oil  (about 
half  a  chittack  for  a  square  yard  of  surface)  should  be  thrown  on  the  surface  of 
the  water  twice  a  week,  this  kills  all  mosquito  larvn3.  It  is  wise  to  try  and  kill  all 
mosquitoes  found  in  houses. 

Quinine  kills  any  malarial  parasites  that  get  into  the  blood  A  small  dose  of 
quinine  every  day  prevents  malarial  fever  altogether.  When  malarial  fever  occurs 
large  deses  cure  "it,  but  to  completely  kill  all  the  parasites  in  the  blood  it  is 
necessary  to  take  a  dose  daily  tvr  three  months.  Nearly  all  children  have  malarial 
parasites  in  their  blood,  and  most  cliildren  have  enlargement  of  the  spleen  due  to 
these  parasites.  All  children  who  get  malarial  fever,  and  all  who  have  enlargement 
of  the  spleen,  should  be  given  quinine  every  day  for  three  months.  This  will 
completely  cure  them  of  malaria. 

During  the  malarious  season  every  one  should  take  quinine  regularly  to  prevent 
malarial  fever. 

P. — Applicationt  of  the  Principles  of  Mosquito  Reduction 
IN  Districts,  Towns  and  Military  Cantonments. 

The  essential  object  of  mosquito  reduction  is  to  keep  down  mos- 
quitoes in  certain  localities  so  that  new  infections  caused  by  their 
number  can  no  longer  keep  pace  with  the  recoveries,  and  consequently, 
malarial  fevers  will  tend  to  die  out.  It  is  carried  out  by  methods  which 
remove  the  chances  of  mosquitoes  thriving  and  multiplying.  These 
processes  may  be  embraced  under  the  headings  of  minor  and  major 
tvorks. 

Minor  works  are  such  as  can  be  carried  out  uninterruptedly 
without  the  services  of  a  special  engineer.  They  embrace  a  very  large 
part  of  the  anti-mosquito  work  of  this  country,  work  that  can  mostly 
be  carried  out  by  mosquito  gangs  and  municipal  sanitary  establish- 
ments generally  Such  works  include  the  clearing  of  drains  and  water 
channels,  draining  surface  pools,  filling  up  holes,  removal  of  all  breeding 
grounds  of  mosquitoes  around  hou.ses,  cutting  down  undergrowth, 
petrolege  of  collections  of  water,  etc. 

Major  works  are  such  as  require  the  aid  of  a  skilled  engineer  to 
advise  and  carry  out,  and  include  such  undertakings  as  large  drainage 
works,  deepening  and  filling  of  large  swamps  and  marshes,  canalisation 
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of  certain  streams,  etc.  ;  these  should  only  be  undertaken  if  urgently 
necessary  and  expenditure  permits,  especially  when  such  drainage,  etc., 
cannot  be  properly  and  effectively  carried  out  as  minor  works;  they  are 
specially  indicated  when  the  surrounding  population  is  large  enough 
to  render  such  an  expenditure  justifiable. 

For  minor  works  we  require  efficient  workmen,  who  should  be 
constantly  employed  in  towns,  villages,  military  cantonments,  jails, 
and  houses;  a  certain  number  of  mosquito  inspectors  to  detect  all 
breeding  places  and  assist  generally  in  the  carrying  out  of  minor 
works.  These  workmen  are  formed  into  mosquito  gangs  whote  duties 
are  detailed  below  and  in  the  Section  on  Froyhylaxis  of  Malaria  in 
Towns. 

The  anti-mosquito  measures  of  a  district  would  in  this  country 
fall  naturally  under  the  Deputy  Sanitary  Commissioner,  and  in  towns 
under  the  Civil  Surgeon,  unless  the  town  is  large  enough  to  maintain 
its  own  Health  Officer;  these  officei's  would  advise  regarding  all  major 
and  minor  works,  and  superintend  generally  the  work  of  an  anti-malarial 
campaign,  and  draw  up  an  annual  malarial  report.* 

In  the  carrying  out  of  all  such  works  a  certain  amount  of  specific 
legislation  is  indispensable  ;  this  is  dealt  with  under  a  previous  Section 
(pp.  248,  249). 

In  connection  with  mosquito  reduction  in  particular  localities, 
one  would  here  quote  what  Ronald  Ross  says  on  the  subject: — 

Summary  of  Objects. — 1.  We  do  not  propose  to  exterminate 
mosquitoes  in  any  entire  continent.  We  propose  only  to  deal  with 
them  in  the  town  in  which  we  live  and  in  its  suburbs. 

2.  We  do  not  propose  to  get  rid  of  every  mosquito  even  in  this 
town.  We  aim  only  at  reducing  the  number  of  the  insects  as  much  as 
possible. 

3.  We  do  not  think  it  possible  to  drain  or  otherwise  treat  every 
breeding  place  in  the  town.  We  aim  at  dealing  with  as  many  as 
possible. 

4.  We  cannot  exclude  mosquitoes  which  may  just  possibly  be 
blown  into  the  town  from  miles  away.  We  content  ourselves  with 
preventing  the  insects  breeding  in  the  town  itself. 

Summary  of  Methods.— 1.  We  start  work  at  once  with  whatever 
means  we  can  scrape  together. 

2.  We  operate  from  a  centre  outward. 


»  I  am  indebted  to  Prof.  Konald  Boss'  Report  on  Malaria  in  the  Mmtritius 
much  that  is  contained  in  this  Section. 
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3  We  clear  houses,  backyards  and  gardens  of  all  rubbish,  empty 
tubs  and  cisterns  containing  larvae,  or  destroy  the  larvaj  in  them  by 
means  of  oil. 

4.  We  show  people  how  to  do  these  things  for  themselves,  and 
how  to  protect  tubs  and  cisterns  by  means  of  wire  gauze. 

5.  When  we  have  cleared  as  many  houses  as  we  determine  to  deal 
with,  we  clear  them  over  and  over  again. 

6.  We  fill  up  or  drain  away  all  the  pools,  ditches,  old  wells,  and 
puddles  we  can— especially  those  which  contain  most  larva3. 

7.  Such  pools  as  cannot  be  filled  up  or  drained  are  deepened  and 
cleared  of  weeds  if  they  contain  larvae. 

S.  Streams  and  water-courses  which  contain  larvae  are  "  trained  ". 

9.  Where  we  can  do  nothing  else  we  destroy  larvae  periodically 
with  oil,  or  by  brushing  them  out  with  brooms,  or  by  other  means. 

10.  We  endeavour  to  interest  our  neighbours  in  the  work,  and  to 
educate  the  town  into  maintaining  a  special  gang  of  men  for  the 
purpose  of  keeping  the  streets  and  gardens  absolutely  free  of  stagnant 
mosquito-bearing  water.* 

Q.— Organisation  of  Workmen  of  Mosquito  Brigades  in  Gangs. 

The  gangs  may  range  from  3  to  20  in  different  localities.  When 
in  small  gangs  of  three,  there  should  be  one  headman  who  gets,  say, 
one  rupee  a  month  more  pay,  all  doing  the  same  work,  the  headman 
being  responsible.  In  cities  and  towns  gangs  of  10  to  15  with  one 
headman  will  usually  be  required.  Malih  or  gardeners  are  excellent  for 
this  work  ;  but  all  agricultural  villagers  are  most  useful  men  in  carry- 
ing out  such  works  as  they  have  been  accustomed  to  similar  operations 
from  childhood.  A  few  of  them  can  readily  drain  small  marshes, 
rough  canalise  small  irrigation  canals,  small  streams,  etc.  They  are  at  it 
constantly  in  rice-cultivation,  draining  off  excess  of  water,  letting  in 
water  into  fields,  and  so  on.  They  are  able  to  clear  off  in  a  day  small 
collections  of  water  spread  over  several  hundred  square  yards  of  area,  or 
roughly  canalise  a  hundred  yards  of  a  stream.  The  longer  such  men 
are  employed  in  the  work  naturally  the  more  efficient  they  become. 

It  is  difficult  to  estimate  the  total  number  of  gangs  required  for 
any  particular  district ;  this  must  be  gauged  from  the  local  conditions, 
as  the  experience  of  other  places  is  no  guide ;  the  best  guide  is  the 
effects  of  work  done  in  the  district  itself.  In  practically  all  cases  the 
number  of  gangs  can  be  reduced  after  the  gross  work  has  been  carried 
out. 


*  Prof.  Ronald  Ross,  Mosquito  Briyades. 
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The  minor  works  to  be  carried  out  in  private  houses,  gardens,  etc., 
can  usually  be  carried  out  by  private  servants.  Tlie  details  of  the  work 
to  be  carried  out  can  be  gleaned  from  the  list  of  minor  works  given 
previously. 

It  is  necessary  to  insist  that  major  ivorks  as  anti-mosquito  mea- 
sures should  not  be  undertaken  until  minor  works  have  failed.  An 
enormous  amount  of  money  has  been  spent  unnecessarily  in  the  past 
on  major  works  due  to  the  incrimination  of  distant  marshes,  swamps, 
and  collections  of  water  that  had  no  connection  with  prevalent  malaria 

Cantonment  barracks,  gardens,  private  houses  with  large  compounds, 
etc ,  should  be  regularly;  inspected  by  some  responsible  officer,  and  by 
the  mosquito  inspector.  When  there  is  a  Civil  Surgeon  or  Health  Officer, 
he  would  advise  all  house  owners  as  to  what  is  actually  required. 

Mosquito  inspectors  form  a  special  part  of  the  mosquito  brigade. 
The  number  required  depends  on  local  circumstances.  One  man  can 
usually  do  the  work  of  an  area  of  two  square  miles.  His  special  work 
is  to  find  out  all  the  breeding  places  of  mosquitoes  in  his  area, 
and  superintend  the  work  of  the  gangs ;  he  should  be  thoroughly 
well  instructed,  trustworthy,  intelligent,  able  to  read  and  write  one 
vernacular  character,  and  report  regularly  the  work  to  the  officer  in 
charge  of  the  operations.  They  should  be  provided  with  pans  or 
"  dipppi's  "  for  collecting  larvae,  and  small  specimen  bottles  in  a  case  to 
bring  or  send  in  larvae  they  are  not  familiar  with  to  the  Health  Officer 
or  Civil  Surgeon.  As  this  occupation  is  not  without  risk,  it  will  be 
necessary  to  allow  for  30  to  40  per  cent,  of  these  men  being  infected 
during  the  year.  The  organisation  of  the  mosquito  brigades  and  work  of 
gangs  should  be  carried  out  under  the  instructions  of  the  provincial 
Malarial  Officer,  Civil  Surgeon,  or  municipalities.  With  all  parts  of 
such  an  organisation  at  work  at  the  same  time  in  a  malarial  area,  when 
malarial  diseases  are  most  severe,  a  profound  impression  can  be  made  on 
the  prevalence  of  malaria. 

In  a  campaign  again.st  malaria  the  general  distribution  of  quinine 
forms  an  important  item. 

From  the  vast  importance  of  malaria  in  India,  it  would  appear 
to  be  necessary  that  all  anti-malarial  work  in  the  provinces  should  be 
under  special  medical  officers— one  such  medical  officer  for  each 
province,  and  one  medical  officer  acting  as  head  malarial  authority, 
o-uidino-  the  whole  of  the  anti-malarial  work  of  this  country.  All  these 
officers^should  be  thoroughly  acquainted  with  malaria  in  all  its  phases, 
including  an  intimate  knowledge  of  its  epidemiology ;  their  whole 
time  should  be  devoted  to  the  work  of  organising  a  general  campaign 
against  malaria,  examining  mosquitoes  and  other  microscopical  work  ; 
they  should  have  all  possible  facilities  for  travelling,  and  be  provided 
with  microscopes  and  accessories.  They  should  be  given  liberal 
powers  to  act,  and  the  details  of  the  anti-malarial  work  should  be  left 
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to  them.  All  officers  engaged  in  anti-malarial  work  should  solicit 
the  interest  of  influential  people  in  that  work  One  would  here  mention 
the  work  of  the  Panama  Canal  Zone  carried  out  under  the  guidance  of 
Colonel  GuKGAS,  U.S.A.,  who  has  entire  control  over  all  the  anti-malarial 
measures  in  operation. 

In  all  cases  the  whole  district  or  town  is  to  be  thoroughly  investi- 
gated in  the  manner  elsewhere  laid  down  ;  maps  showing  details  of  the 
area  and  marking  down  all  breeding  places  of  mosquitoes  ;  the  working 
capacities  of  the  different  mosquito  brigades  employed  should  be 
thought  out ;  marshes,  streams  and  other  collections  of  water  not  manag- 
able  by  minor  works  will  thus  become  known  ;  case-reduction  will 
have  been  effected  by  additional  measures,  and  when  operations  have 
continued  for  some  time,  the  effects  of  the  measures  can  be  gauged 
with  some  degree  of  accuracy.  If  after  continuing  minor  measures  for 
a  sufficiently  long  time  (it  may  take  one,  two  or  more  years  to  judge 
of  their  effects),  then,  if  major  works  are  considered  indispensable,  and 
can  with  advantage  be  carried  out  economically,  they  should  be  put  into 
the  hands  of  a  skilled  engineer. 

R. — ExrENDITURE  ON  AND  LIMITATIONS  OI'^  ANTI-MALARIAL  MEASURES. 

There  are  limitations  to  expenditure  in  connection  with  anti-malarial 
work  regarding  which  we  should  have  definite  opinions.  Theoretically 
the  limit  of  expenditure  in  this  connection  is  the  amount  that  malarial 
diseases  cost  the  country.  Malaria  is  expensive  by  reason  of  the  deaths 
it  gives  rise  to  in  the  population,  the  loss  of  labour  from  malarial  fevers 
in  many  millions  of  people  (which  loss  is  more  manifest  in  localised 
collections  of  labourers  working  on  railway  embankments,  irrigation 
canals,  various  industries  such  as  tea-gardens,  factories,  etc.),  sickness 
and  inefficiency  amongst  Government  employds,  including  sickness, 
deaths,  and  invaliding  amongst  our  officers  and  troops,  etc. 

Were  it  possible  to  estimate  the  sickness  due  to  malaria  in  the 
provinces  in  proportion  to  that  due  to  all  other  causes,  we  should  be  in 
a  position  to  state  how  much  might  be  legitimately  expended  on  malaria. 
At  present  we  are  unable  to  gauge  this  even  roughly.  In  the  cases  of 
our  army  in  India,  of  jails,  and  asylums,  we  can  with  more  or  less 
accuracy  state  that  malaria  is  responsible  for  about  one-fifth  of  the 
sickness  rale,  and  tliis  gives  one  a  limit  as  to  the  amount  of  the 
budget  allotment  that  should  be  expended  on  anti-malarial  measures. 
One  knows  of  no  records  which  show  tliat  the  expenditure  on  the 
prophylaxis  of  malaria  has  been  systematically  estimated  for. 

Tlie  expenditure  on  malaria  in  this  country  by  the  Government  of 
India  and  the  Provincial  Governments  is  limited  by  the  amounts 
allotted  in  the  medical  and  sanitary  budgets  and  on  periods  of  epidemics 
by  that  of  special  grants. 
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Unfortunately  measures  against  malaria  must  be  continued  indefi- 
nitely, lience  all  such  measures  are  a  permanent  drain  on  the  finances 
of  Government  and  municipalities. 

Anti-malarial  measures  may  be  classified  as  'permanent,  that  is, 
cnrried  out  once  for  all  and  requiring  in  some  cases  only  occasional 
repairs ;  and  annual,  involving  a  regular  expenditure.  Amongst  the 
permanent  measures  the  most  important  are  drainage  works;  they  also 
include  filling  up  of  extensive  pools,  ponds,  marshes,  ditches,  pits  and 
excavations  generally  ;  rectification  of  water-courses,  etc. 

The  annual  measures  consist  of  employing  a  constant  staff  of 
workmen  in  the  form  of  mosquito  brigades  or  gangs,  or  some  modification 
of  them,  to  prevent  the  formation  of  rain-water  pools,  the  stagnation  of 
water  in  drains,  tubs,  gutters  and  all  kinds  of  vessels  ;  to  remove  all 
collections  of  water  that  may  form  breeding  grounds  for  mosquitoes, 
fill  up  hollows,  borrow-pits  and  irregularities  of  the  surface,  etc.  These 
are  referred  to  under  the  Sections  of  Destruction  of  Larvw  and  Preven- 
tion of  Mala.ria  in  Towns. 

In  some  places  the  operation  of  wholesale  drainage  of  marshes,  of 
large  collections  of  water,  etc.,  is  practicable,  and  where  this  is  so  the 
greater  difficulty  is  overcome  once  for  all.  as  this -measure  is  a  radical 
one ;  in  others,  such  minor  works  as  can  be  carried  out  by  mosquito 
brigades  are  all  that  is  necessary. 

It  should  be  a  general  principle  that  before  major  works  are  under- 
taken all  possible  minor  works  should  be  carried  out  and  tried  ;  if 
they  are  found  to  fail,  then,  if  considered  indispensably  necessary,  major 
works  may  be  put  in  hand. 

The  anti -malarial  sanitarian  knows  that  public  funds  are  limited, 
and  his  aim  will  be  to  adopt  measures  which  can  be  relied  on  to  give 
the  best  results  with  the  least  expenditure  of  funds  He  fully  recog- 
nises that  all  anti-malarial  measures  must  necessarily  be  modified  by 
local  conditions. 

Whilst  all  anti-malarial  measures  are  expensive,  the  cost  is 
directly  and  indirectly  recovered  by  the  actual  saving  of  lives,  reduction 
of  sickness  and  increase  of  the  number  of  working  men,  and  by  reduc- 
tion of  invaliding,  hospital  accommodation,  medical  attendance,  etc., 
In  reducing  anophelines  we  likewise  reduce  other  kinds  of  mosquitoes, 
such  as  the  G.  fatigans,  which  transmits  filariasis  and  possibly  other 
diseases,  and  thus  we  simultaneously  lessen  the  various  morbid  condi- 
tions associated  with  filariasis.  Anti-mosquito  measures  have  the  effect 
also  of  improving  the  general  sanitation  of  places  in  which  they  are 
carried  out. 

In  a  (Teneralised  anti-malarial  campaign  we  have  to  consider  the 
classes  ofV^ple  to  be  dealt  with  and  their  intelligence ;  whether  1  he 
land  is  cultivated  or  uncultivated,  and  whether  it  is  rural  or  urban  ; 
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whether  our  measures  are  for  a  sea  coast,  city  or  town,  inland  or  for 
villages  ;  the  amount  of  rainfall,  and  seasons  of  greatest  falls  ;  the  nature 
of  the  seasons,  whether  there  is  a  hot  dry  summer  and  a  cold  winter,  or 
a  more  or  less  uniform  climate  throughout  the  year ;  whether  the  area 
is  flat,  high,  low,  forested  or  covered  with  crops  of  sugarcane,  rice,  or 
other  cereals,  and  the  manner  in  which  such  crops  are  irrigated.  We 
take  into  account  the  nature  of  the  soil,  the  slope  of  the  ground,  nature 
of  all  existing  j heels  and  marshes,  character  of  the  natural  drainage  of  the 
country  around  and  of  the  artificial  drainage  in  existence  in  the  district 
or  town,  the  degree  to  which  existing  sanitai'y  establishments  can  help 
in  anti-malarial  operations,  etc. 

It  is  often  a  question  in  malarial  places  as  to  where  the  sanitary 
officer  should  begin  anti-malarial  operations  first.  The  answer  is  to 
commence  with  those  measures  which  can  be  at  once  adopted,  and  the.se 
are  as  a  rule  found  to  be  the  least  expensive.  Neglect  of  this  rule  leads 
to  numerous  disappointments.  It  is  useless  to  begin  by,  say,  attempt- 
ing to  drain  large  marshes,  lowering  the  subsoil  water  level  of  a  whole 
district  by  large  drainage  schemes,  etc. 

In  all  cases  it  is  indispensably  necessary  to  have  an  accurate 
estimate  as  to  the  prevalence  of  malaria  in  the  district  and  the  factors 
contributing  to  this  prevalence  before  fixing  on  any  method. 

In  every  locality  the  question  of  the  cost  has  to  be  seriously  consi- 
dered. The  anti-malarial  sanitarian  ask.s  himself  whether  the  place 
can  afford  to  pay  the  cost  of  the  best  possible  prophylactic  measures 
adoptable,  and,  if  not,  he  works  out  the  best  measures  available,  within 
the  means  of  the  place. 

As  far  as  we  can  at  present  judge  it  is  unfortunately  the  fact  that 
the  advantages  to  be  got  by  anti-mosquito  measures  in  rural  districts 
are  comparatively  limited.  It  is  of  little  value  to  drain  a  large  marsh 
because  there  are  a  few  huts  on  its  banks ;  or  to  extend  anti-mosquito 
measures  round  a  single  house  to  the  extent  of  the  mosquito  range  in  the 
neighbourhood  and  beyond.  Mosquito  reduction  is  specially  for  cities 
and  towns;  it  is  applicable  in  a  limited  sense  only  to  villages.  For 
single  separate  houses  mosquito-proof  doors  and  windows,  or  mosquito 
nets,  supplemented  by  quinine  prophylaxis,  and  the  treatment  of  all  small 
collections  of  water  in  the  vicinity  by  drainage,  rough  canalisation,  or 
kerosine  oil,  are  specially  called  for.  In  the  case  of  small  towns  and 
villages  situated  in  the  midst  of  extensive  marshes,  marshy  forests,  flat 
water-logged  country,  the  cost  of  mosquito  reduction  will  often  be  too 
great,  buch  a  conclusion  should  not,  however,  be  arrived  at  without 
lull  consideration  of  the  local  circumstances  and,  if  necessary,  a  preli- 
minary trial  on  a  small  scale.  The  removal  of  the  smaller  immediate 
breeding  places  costs  little  and  may  do  much  good.  In  villages  this 
remova  would  cost  nothing  as  it  would  be  carried  out  by  the  villaaers 
themselves.    If  this  fail  other  measures  are  still  open.    These  remarks 
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apply  to  very  extensive  districts  in  this  coixntry  including  many  of  the 
laroe  tea-oardens  in  Assam  and  numerous  industrial  works. 


Jn  a  general  anti-malarial  and  anti-mosquito  campaign  in  India  we 
have  at  the  commencement  only  general  principles  to  guide  us.  The 
measures  applicuble  to  one  place  are  seldom  suitable  to  another.  Each 
district  and  each  station  has  to  be  considered  separately,  and  the  advant- 
ages and  disadvantages  of  each  recommendation  fully  considered  before 
it  is  made.  The  adoption  of  methods  that  are  specially  applicable  to 
particular  localities  aie  soundest  and  safest. 

Anti-malarial  carapaigus  in  malarious  districts  should  be  as  gener- 
alised as  possible;  mere  local  campaigns  (except  in  the  case  of  towns, 
cantonments,  and  their  immediate  surroundings  in  such  districts)  are  of 
little  permanent  use;  such  campaigns  should  be  carried  out  generally, 
simultaneously  and  vigorously  throughout  the  area  it  is  intended  to 
influence  ;  the  campaign  should  be  commenced  in  September  or  Octo- 
ber ;  this' is  the  best  time  also  to  make  examinations  of  the  spleen  and 
blood  to  estimate  the  amount  of  malaria  or  the  degree  of  improvement 
from  previous  anti-malarial  measures  ;  and  for  universal  distribution  of 
quinine.  Mosquito  brigades  should  be  located  in  their  areas  and  given 
their  allotted  tasks.  Civil  Surgeons  and  district  sanitary  officers  should 
give  all  the  assistance  they  can  in  the  work.  There  should  be  a  special 
continuous  policy  to  reduce  malaria  throughout  the  country,  and  the 
more  such  a  policy  is  maintained  by  Government  the  more  benefit  will 
be  derived  from  anti-malarial  measures.  The  enthusiasm,  skill  and 
efforts  of  single  experts  may  do  much  good  in  limited  areas,  but  without 
the  influence  of  Government  over  the  whole  country,  and  a  well  defined 
and  persistent  policy  for  prophylaxis,  success  is  not  likely  to  be  conti- 
nuous or  widespread.  Wherever  anti-malarial  measures  are  m  operation 
under  Government  or  municipalities,  an  annual  report  showing  the 
results  should  be  prepared.  The  annual  malarial  report  should  contain 
a  tabular  statement  giving  the  details  of  the  present  year  and  past 
years  for  comparison,  including  the  number  of  malarial  fevers,  their 
varieties  in  age-groups,  an  account  of  the  work  done,  expenditure  the 
results,  and  the  work  still  required  to  be  done.  In  the  case  of  children 
the  report  should  show  average  total  children,  children  with  enlarged 
spleens,  children  treated  with  quinine,  and  the  averages  for  four  quarterly 
periods  of  the  year. 

We  require  a  real  solid  effort  to  definitely  measure  the  amount  of 
malaria  in  all  districts  of  this  country.  At  the  present  moment  we 
are  unable  to  guess  within  many  millions  the  actual  number  of  persons 
who  suffer  from  malaria  annually.  This  measurement  of  malaria  should 
be  repeatedly  carried  out  to  ascertain  whether  the  anti-malanal  mea- 
sures put  into  operation  are  doing  good.  This  gives  the  local 
authorUies  a  basis  to  work  on,  and  may  indicate  the  directions  in 
which  modiHcations  of  the  methods  initiated  may  be  ^^ll^d 
Without  knov^ing  the  effect  of  measures  on  malaria  we  cannot  gauge 
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the  dem-ee  of  benefit,  if  any,  accruing,  and  it  is  certain  that  if  no 
beneSl  effects  are  published,  works  involving  expenditure  wall  be 
stopped. 

The  more  one's  experience  grows  in  dealing  with  malaria  pro- 
phylactically,  the  more  it  becomes  evident  that  one  of  the  most  predomi- 
nating canses  of  ill-health  is  the  general  want  of  knowledge  ol  modern 
scientific  teaching  as  to  the  part  played  by  mosquitoes  in  the  propaga- 
tion of  malarial  infection.  One  has  repeatedly  _  heard  the  view  of  the 
dissemination  of  malaria  through  anophelines  ridiculed  by  intelligent 
officials  of  Government  in  various  departments. 

Present  prophylactic  measures  are  sound.— One  has  no  hesitation 
in  statincv  that  our  present  recognised  methods  of  protection  against 
malaria  are  scientitically  sound,  although  in  many  places,  difficult 
to  apply.  In  the  public  prophylaxis  of  malaria  we  should  avoid 
councils  of  perfection,  e.g.,  large  drainage  schemes,  insisting  on  the 
isolation  of  all  cases  of  malarial  fever,  wire-gauze  netting  for  doors  and 
windows,  universal  cinchonisation  of  the  population,  etc.,  m  all  i)laces 
indiscriminately  ;  it  is  our  duty  to  endeavour  to  do  as  much  as  possible 
in  each  direction  ;  we  should  employ  as  many  of  the  known  prophylactic 
measures  as  are  practicable  in  the  localities  concerned,  for  we  know  that 
every  individual  success  has  its  influence  for  good.  The  best  anti- 
malarial results  so  far  have  been  obtained  in  places  where  all  prophylactic 
measures  have  been  put  into  operation  more  or  less  simultaneously,  and 
continued  over  a  long  period.  This,  however,  has  always  been  found  to 
be  somewhat  costly.  ^All  public  prophylactic  measures  against  malaria 
necessitate  the  expenditure  of  money,  sometimes  large  sums  being 
required,  they  always  mean  a  great  deal  of  work  as  well  as  some  know- 
ledge of  general  hygiene.  Some  anti-mosquito  campaigns  have  erred  in 
dealing  first  with  large  or  extensive  and  difficult  projects  instead  of  the 
cheaper  and  easier  ones.  One  of  the  most  usual  causes  of  failure  of 
anti-malarial  measures  is  that  of  endeavouring  by  one  public  health 
measure  to  eradicate  malaria,  and  its  abandonment  after  it  has  been 
found  to  fail. 

The  average  malarial  intensity  of  a  locality  depends  on  many- 
factors,  such  as  the  endemic  index,  sporozoite  rate,  extent  to  which  indi- 
vidual prophylaxis  is  practised,  etc.,  so  that  the  cause  of  failure  may 
not  be  always  easy  to  ascertain.  To  ged  rid  of  malaria  in  any  parti- 
cular locality  by  artificial  means  may  take  several  years ;  this  is  the 
usual  experience  of  the  limited  number  of  instances  in  which  it  has 
been  achieved. 

No  system  of  prophylaxis  covers  all  places.— It  is  impossible 
to  give  the  details  of  the  measures  to  be  adopted  in  all  cases  — these 
have  to  be  determined  by  local  circumstances  ;  in  some  places  all  mea- 
sures may  be  adopted,  in  others  only  a  few  are  possible.  In  inteusel^^ 
malarial  areas,  in  many  cases,  do  all  we  may  and  malaria  is  not. 
mitigated.    In  Italy  the  chief  auti-malarial  measures  adopted  have 
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been-- drainage,  agricultural  improvement,  prophylactic  administration 
ot  quinine,  and  mechanical  protection  against  mosquitoes.  There  are 
certain  regions,  such  as  the  valleys  of  our  large  rivers  in  India,  Burma 
and  Assam,  where  breeding  grounds  for  anopheline  larva)  are  almost 
universal ;  others  in  proximity  to  extensively  irrigated  lands  under  rice 
cultivation  ;  m  such  places  anti-mosquito  measures  must  be  of  limited 
use  in  the  depopulation  of  these  insects. 

Chief  factors  interfering  with   malarial   prophylaxis.— The 

chiet  factors  militating  against  the  operation  of  malarial  prophylaxis 
in  localised  areas  are— indifference  of  the  people,  callousness  of  munici- 
palities, and  possibly  want  of  enthusiasm  on  the  part  of  local  authorities 
generally.  All  familiar  with  the  labours  connected  with  such  prophy- 
laxis must  allow  that  it  is  always  a  heavy  task  to  guide  the  eradication 
of  malaria, 

It  is  unfortunately  the  fact  that  in  some  places,  while  anti-malarial 
measures  were  actually  in  operation,  the  average  number  of  cases  of 
malarial  fever  increased,  but  this  is  no  ground  for  despairing  of  success. 
There  are  in  such  cases  some  undiscovered  factor  or  factors  militating 
against  the  success  of  such  measures.  We  are,  of  course,  only  too 
conscious  that  there  are  still  many  problems  connected  with  the 
epidemiology  of  malaria  to  be  solved  ;  the  trend  of  anti-malarial  inves- 
tigation is  towards  the  solution  of  these  problems.  We  have  certain 
definite  general  principles  to  base  our  prophylactic  measures  on,  and 
we  should  pursue  our  campaign  on  these  principles. 

It  is  a  curious  fact  that  anti-inalarial  operations  which  are  recorded  as 
successful  in  our  medical  journals  are  in  the  great  majority  of  cases  quoted 
by  writers  as  such,  whilst  those  that  are  published  as  failures  are  subjected 
to  severe  criticism.  There  is  no  country  in  the  world  in  which  more 
anti-malarial  and  anti-mosquito  measures  are  in  operation  than  in 
India.  In  every  military  cantonment  and  civil  station,  local  condi- 
tions fostering  malaria  are  to  some  extent  being  inquired  into  and 
breeding  places  of  anophelines  sought  out  and  reduced  more  or  less. 
That  no  serious  impression  is  being  made  on  the  malarial  rate  in  these 
places  is  due  to  an  absence  of  concentrated  effort,  and  of  universal 
co-operation  in  the  measures,  but  specially  to  the  absence  of  funds 
necessary  to  make  these  measures  radically  useful. 

When  we  review  the  present  position  of  our  knowledge  with 
regard  to  the  epidemiology  of  malaria  as  compared  with  that  of,  say,  30 
years  ago,  we  fully  recognibe  the  great  strides  that  have  been  made. 
Nevertheless  we  are  compelled  to  admit  there  are  still  many  import- 
ant points  awaiting  solution.  One  of  the  great  gaps  is  connected 
with  the  habits  of  anophelines.  From  the  very  nature  of  the  difficulties 
connected  with  a  comprehensive  knowledge  of  the  habits  of  anophelines, 
the  time  occupied  in  such  studies,  the  seeming  paradox  of  their 
co-existence  with  malaria  cases  and  comparatively  little  endemic  malaria, 
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the  occm-rence  of  widespread  malaria  with  few  anophelines,  and  with 
few  apparent  breeding  grounds,  and  other  intricate  problems— we  are 
forced  to  conclude  that  we  are  remote  from  the  time  when  in  India  we 
can  hope  for  a  disappearance  of  endemic  malaria.  It  is  unfortunately 
true  that  we  are  as  yefc  unable  to  estimate  the  real  intrinsic  values  of 
the  factors  connected  with  malaria  with  which  we  are  acquainted,  and 
it  is  equally  true  that  there  are  certain  factors  connected  with  the 
epidemiology  of  malaria  with  which  we  are  as  yet  totally  unacquainted. 

An  enormous  amount  of  laborious  work  has  to  be  undertaken 
before  we  can  solve  some  of  the  more  important  points  connected 
with  the  epidemiology  of  malaria  ;  miich  of  this  work  must  of  necessity 
be  carried  on  in  the  endemic  areas  of  malaria,  and  it  will  consist  of 
observations  made  on  the  peculiarities  connected  with  the  habits  of  all 
malaria-carrying  anophelines,  their  breeding  places,  methods  of  hiberna- 
tion and  Eestivation,  the  existence  or  not  of  more  than  three  forms  of 
malarial  parasites  in  India,  the  pathogenesis  of  relapses,  the  phases 
of  malarial  parasites  in  the  human  economy  during  latent  infection, 
etc. 

Whilst  there  are  these  gaps  in  our  knowledge  of  the  physiographical 
and  etiological  relations,  pathological  anatomy,  and  pathogenesis  of 
malaria,  it  may  be  stated  that  there  is  no  widespread  infectious  disease 
of  man  regarding  which  our  knowledge  is  so  complete  ;  and  by  far  the 
greatest  part  of  this  knowledge  has  been  acquired  during  the  last  30  years, 
this  is,  since  the  discovery  of  plasmodia  of  malaria  by  Lavekan  in 
November,  1880;  and  the  mosquito  cycle  of  malaria  by  Ronald  Hossin 
1897.  The  work  of  Ronald  Ross  in  connection  with  the  elucidation 
of  the  main  epidemiological  fact  in  malaria  is  the  greatest  scientific 
discovery  ever  made  in  this  country. 
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MALARIAL  TOXIN. 

In  dealing  with  the  Fathogcnesh  of  Malarial  Fevers  referred 
to  the  existence  of  malarial  toxin  or  toxins  as  highly  probable  (p.  108). 
The  i^asons  for  this  assumption  were  the  analogy  of  malarial  evers 
with  other  infections  diseases,  the  fact  that  a  certain  degree  of  relative 
immunity  eventuallv  follows  repeated  attacks  of  malarial  fevers  the 
fact  that 'it  is  almost  certain  that  anti-toxins  are  formed  m  the  blood 
during  malarial  paroxysms*  the  relation  of  the  pyrexial  phenomena 
of  a  malarial  paroxysm  to  the  sporulation  of  malarial  pamsites, 
the  fact  that  the  degree  of  anaemia  produced  is  altogether  dispro- 
portionate to  the  actual  number  oi'  red  cells  invaded  by  malarial 
Plasmodia,  the  degenerative  changes  in  the  internal  organs,  such  as  the 
spleen  liver,  kidneys  and  brain,  cannot  be  accounted  for  m  any  other 
way  the  occasional  occurrence  of  coma  during  malarial  paroxysms 
in  the  absence  of  malarial  parasites  or  malarial  pigment  m  the  brain, 
the  proved  increased  toxicity  of  the  urine,  and  probably  increased 
toxicity  of  the  sweat,  and  for  other  reasons  of  less  significance. 

Notwithstanding  the  importance  of  the  subject,  the  actual  experi- 
mental work  in  connection  with  malarial  toxin  lias  been  comparatively 
meagre.  One  has  shown  that  the  experiments  of  Mannaberg  and 
Celli  were  practically  negative;  those  of  MoNXESANO  and  GUALDI 
are  equally  so. 

Positive  and  convincing  experiments  regarding  the  existence  of  a 
malarial  toxin  have  been  carried  out  by  Kosenau,  Parker,  Francis 
and  Beyer,  of  the  Yellow  Fever  Institute,  t  These  experiments  show 
that  there  is  in  malarial  blood  during  the  first  and  second  stages  of  the 
paroxysm,  that  is,  before  the  temperature  begins  to  fall,  a  toxin  which 
is  manufactured  by  malarial  parasites,  and  that  this  toxin  is  respon- 
sible for  all  the  phenomena  of  a  malarial  paroxysm.  The  methods 
by  which  these  authorities  proved  the  existence  of  this  toxin  were  based 
on  the  experiments  carried  out  by  Keed,  Carrol,  Agramonte  and 
GuiTKRAS  of  the  United  States  Commission,  and  Marchoux  and 
Simon  I)  of  the  French  Commission,  to  prove  that  the  germ  or  poison 
of  yellow  fever  is  contained  in  the  blood  of  patients  suffering  from 
that  disease.  These  experiments  consisted  in  injecting  into  the  veins 
malarial  blood,  abstracted  from  cases  of  malarial  fever  at  different 
stages  of  the  malarial  paroxysm,  the  blood  being  defibrinated  and  in 
some  filtered  through  a  Herkefeld  or  a  Pasteur-Chambeiiand  filter,  in 
others  unfiltered. 


•  Ford,  Medical  Record,  Vol.  LXVI,  p.  1031. 

'\  Experimental  Studies  in  Yellow  Fever  ani  Malaria. 
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The  first  experiment  was  carried  out  through  a  man,  Andrez 
Mendez,  89  years  old,  who,  daring  the  preceding  three  years  in  Vera 
Cruz  had  suffered  from  several  attacks  of  fever,  and  at  the  time  of  the 
observations  had  been  sulfering  from  recurrent  attacks  of  fever  for  about 
a  month,  which  came  on  every  other  day.  The  man  was  physically 
robust,  but  very  anasmic,  the  mucous  membranes  being  particularly 
pale,  and  the  skin  cold  and  damp. 

About  noon  on  the  6th  November,  he  was  seized  with  a  chill. 
By  12-30  P.M.,  the  rigor  was  very  marked  and  he  was  shaking  violently; 
he  conld  not  hold  the  thermometer  in  his  mouth  and  the  pulse  was 
taken  with  difficulty.  The  temperatm-e  was  rising  rapidly,  it  being 
at  the  time  39-1°  C.  At  12-40  P.M.,  blood  was  drawn  from  one  of  Ihe 
superficial  veins  at  the  bend  of  the  elbow.  The  blood  fiowed  freely  ; 
125  cc.  were  quickly  drawn.  It  was  permitted  to  flow  into  a  porcelain 
dish  and  defibrinated  by  whipping  with  sterilised  forks.  Clotting 
took  place  very  quickly,  so  that  the  fibrin  was  readily  and  rapidly 
separated  from  the  fluid. 

Judging  from  the  size  of  the  clot  and  colour,  the  fibrin  had 
enclosed  a  number  of  corpuscles.  The  defibrinated  blood  showed  no 
further  tendency  to  clot,  and  on  microscopical  examination  looked  like 
fresh  blood  containing  a  normal  number  of  corpuscles. 

To  25  cc.  of  defibrinated  blood  was  added  25  cc.  of  physiological 
salt  solution,  and  this  diluted  blood  was  filtered  through  a  Berkefeld 
filter. 

Nine  cc.  of  the  filtrate  were  injected  into  the  right  basilic  vein 
of  liOuis  Peredo.  This  injection  took  place  at  1-40  P.M.  Stained 
smears  of  the  filtrate  showed  no  morphological  elements.  The  filtrate 
had  a  distinct  red  colour.  As  a  control,  Jose  Ojeira,  at  2  P.M.,  nas 
given  an  injection  into  bis  left  basilic  vein  of  4  cc.  of  the  unfiltered 
mixture.  As  the  blood  was  diluted  with  equal  parts  of  salt  solution, 
he,  therefore,  received  2  cc.  of  Mendez's  blood. 

The  unfiltered  mixture  of  defibrinated  blood  and  salt  solution, 
upon  microscopical  examination  shortly  after  Ojeira  received  his  inj(?c- 
tion,  showed  amoeboid  tertian  organisms  with  dancing  pigment. 

After  drawing  the  blood  from  Mendez  he  continued  to  have  a 
chill  with  a  severe  rigor  and  chattering  of  the  teeth,  accompanied 
by  nausea  and  vomiting.  His  temperature  continued  to  rise  after 
the  blood  was  drawn  until  it  reached  40-2^  C.  The  febrile  period  was 
followed  by  drowsiness  and  moisture  of  the  skin. 

Mendez  was  kept  under  observation  without  quinine,  and  had 
another  typical  malarial  paroxysm  the  next  day.  All  the  evidence  in 
his  i)eripheral  blood,  which  was  examined  frequently,  pointed  to  a 
severe  double  infectiou  with  the  tertian  parasite.    He  was  then  giveu 
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quinine  which  entirely  controlled  the  disease  and  caused  the  complete 
disappearance  of  the  parasite  from  his  peripheral  blood. 

The  results  caused  by  the  injection  of  the  blood  of  Andres  Mendez 
into  Peredo  and  Ojeira  follows  : 

Louis  Peredo,  aged  25  years,  was  thoroughly  examined  on  the 
26th  August,  and  found  to  be  physically  sound  ;  the  blood  contained 
no  malarial  plasmodia  ;  the  urine  was  normal.  From  the  28th  August 
he  was  kept  constantly  in  a  mosquito-proof  room.  On  October  27th, 
after  having  been  under  daily  obvservation  for  two  months,  during 
which  time  he  remained  in  normal  health,  he  was  injected  with  the 
filtered  blood  of  Filomena  Martinez,  who  at  the  time  was  sufiFering 
with  a  paroxysm  of  malarial  fever  of  the  aestivo-autumnal  type,  his 
blood  containing  many  young  ring-forms  and  crescents.  The  blood  was 
drawn  from  Martinez  during  the  time  of  the  decline  of  the  paroxysm. 
It  was  then  allowed  to  clot  in  the  ice-chest,  the  clear  serum  was 
pipetted  off  and  diluted  with  an  equal  quantity  of  isotonic  salt  solution, 
and  this  filtered  through  a  new  Berkefeld  filter.  Twenty  cc.  of  the 
filtrate,  which  on  account  of  the  solution  represented  10  cc.  f  f  the 
blood  serum,  were  injected  into  the  left  median  basilic  vein  of  Peredo. 

Peredo  was  carefully  watched  from  the  hour  he  was  injected,  bat 
he  remained  in  good  health,  and  no  deviation  from  the  normal  was 
detected.  His  temperature  was  taken  every  four  hours  during  the  night 
and  day,  both  befoi-e  and  following  the  injection.  No  symptons  deve- 
loped. His  blood  was  examined  daily  for  plasmodia,  but  none  were 
found.  The  result  of  this  injection  must,  therefore,  be  considered 
negative. 

Ten  days  later  he  was  again  injected  with  filtered  malarial  blood 
under  different  circumstances  and  with  positive  results. 

At  1-40  P.M.,  6th  November,  he  was  given  an  intravenous  injection 
of  the  blood  of  Andres  Mendez,  passed  through  the  same  Berkfeld 
filter  as  before.  Mendez  was  suffering  from  a  double  tertian  infection, 
his  blood  was  drawn  during  his  chill  and  before  the  height  of  the 
paroxysm.  Thinking  that  allowing  the  blood  to  clot  four  or  five  hours 
in  the  ice-chest  in  order  to  get  clear  serum  for  filtration  might  be  too 
severe  a  tax  on  the  vitality  of  the  malarial  parasite,  the  blood  was  this 
time  defibrinated,  diluted  as  before  with  an  equal  volume  of  physiolo- 
gical salt  solution,  and  filtered  through  the  same  Berkefeld  filter  in  the 
same  manner  as  was  done  with  the  blood  of  Martinez.  Nine  cc.  of 
the  filtrate  were  injected  into  the  basilic  vein  of  Louis  Peredo.  This 
injection  took  place  at  1-40  P.M. 

About  35  minutes  after  receiving  the  injection  he  began  having 
chilly  sensations  and  headache,  and  presently  went  to  bed  (2-25  P.m.). 
Five  minutes  later  he  was  having  a  violent  chill  and  his  teeth  chattered. 
The  face  was  pale,  and  at  this  time  he  vomited  part  of  the  dinner  he 
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had  eaten  a  short  time  before  receiving  the  injection.  The  patieat 
complained  of  headache,  felt  cold  and  had  pains  in  the  knees.  The 
skin  was  dry.    The  chill  lasted  half  an  hour. 

At  3  P.M.  he  had  a  Blight  rigor. 

At  3-1 5  P.M.  he  felt  "warm  inside,"  and  all  sense  of  chilliness 
had  disappe.ired,  but  he  still  had  headache. 

At  3-25  P.M.  he  had  severe  pains  in  the  legs. 

At  3-30  P.M.  he  vomited  the  remainder  of  his  dinner. 

His  temperature  was  rapidly  rising  and  at  4  p.m.,  and  just  2  hours 
20  minutes  after  the  injection,  it  reached  its  highest  point  (38-7°  C). 

The  pains  in  the  knees  and  back  continued,  and  nausea  and  vomiting 
now  became  a  prominent  feature  of  the  paroxysm. 

The  fever  gradually  subsided  and  reached  normal  at  4-30  next 
morning. 

As  the  fever  subsided  the  skin  became  moist,  the  nausea  and  pains 
gradually  disappeared,  so  that  by  6  p.m.  the  patient  was  quiet  and 
dozing.    The  entire  paroxysm  lasted  eight  hours. 

Peredo  had  what  appeared  to  be  a  typical  malarial  paroxysm, 
beginning  with  a  distinct  rigor  associated  with  a  rise  of  temperature 
and  followed  by  slight  sweating.  His  paroxysm,  so  far  as  symptoms 
were  concerned,  was  very  similar  to  the  paroxysm  from  which  Andrews 
Mendez  sufiTered,  especially  the  nausea  and  vomiting. 

Peredo  was  kept  under  very  close  scrutiny  until  24th  November, 
that  is,  18  days  following  the  injection,  during  which  time  he  remained 
quite  normal  and  no  plasmodia  could  be  seen  in  his  peripheral  blood. 

•  Jose  Ojeira,  18  years  old,  who  stated  that  he  had  never  had  fever 
of  any  kind,  was  examined  on  the  1 1th  August,  and  found  to  be 
})hy^ically  sound,  of  robust  physique ;  there  were  no  malarial  parasites 
in  his  blood  and  the  urine  was  normal. 

On  August  13th  he  was  transferred  to  a  mosquito-proof  room  in 
the  laboratory,  where  he  was  kept  under  close  observation. 

On  the  27th  October,  at  7  p.m.,  he  received,  intravenously,  20  cc. 
of  diluted  blood  serum  from  Filomena  Martinez  (aestivo-autumnal  infec- 
tion), passed  through  a  Pasteur-Cham berland  filter  B.  This  represented 
10  cc.  of  blood  serum. 

Ojeira  showed  no  symptoms  whatever  as  a  result  of  this  injection. 

The  blood  of  Martinez  was  drawn  after  the  height  of  the  paroxysm 
and  while  the  temperature  was  on  the  decline.  Martinez  was  suffering 
with  a  severe  sestivo-autumnal  infection  at  the  time  the  blood  was  taken. 
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Oieira's  blood  was  examined  several  times  daily,  both  before  and 
following  this  experiment,  and  at  no  time  was  anything  resembling  a 
malarial  parasite  seen  in  his  peripheral  blood. 

On  the  6th  November,  the  patient  having  continued  in  good 
health  since  the  last  experiment,  was  used  as  a  control  for  the  experi- 
ment on  Peredo.  At  2  P.M.  on  this  date  he  was  given  an  intravenous 
injection  of  4  cc.  of  the  unfiltered,  diluted,  and  defibrinated  blood  of 
Andres  Mendez.  At  the  time  the  blood  was  drawn  from  Mendez  it 
contained  a  heavy  infection  of  double  tertian  malaria,  and  the  blood 
was  taken  from  him  during  a  chill  and  before  the  height  of  his 
paroxysm.  It  was  at  once  detibrinated,  diluted  with  an  equal  volume 
of  physiological  salt  solution,  and  filtered  through  a  Berkefeld  filter. 
Nine  cc.  of°the  filtrate  were  given  intravenously  to  Peredo,  causing  a 
malarial  paroxysm  without,  however,  the  presence  of  the  malarial 
parasite,  and  everything  pointed  to  its  having  been  due  to  the  toxin 
in  the  blood  of  Mendez. 

Oieira,  who  received  2  cc  of  unfiltered  blood  (4  cc.  diluted), 
reacted  within  an  hour,  with  a  slight  rise  of  temperature  and  nausea, 
and  four  days  later,  developed  a  typical  malarial  paroxysm,  with  many 
tertian  parasites  in  the  peripheral  blood. 

"  There  can  be  no  doubt  that  the  reaction  to  the  2  cc.  of  defibri- 
nated blood  injection  into  the  vein  of  Ojeira  caused  a  slight  paroxysm, 
which  it  is  reasonable  to  suppose  was  due  to  the  same  poison  present 
in  the  blood  of  Mendez,  and  which  also  caused  the  reaction  in  Peredo. 

"  It  will  be  noticed  that  2  cc.  of  this  blood  caused  but  a  slight 
reaction  in  the  case  of  Ojeira,  while  4-5  cc  caused  a  more  marked 
reaction,  with  a  rise  of  temperature  to  .38-7°  C  in  the  case  of  Peredo, 
indicating  in  a  very  definite  manner  that  the  severity  of  the  symptoms 
were  directly  due  to  the  quantity  of  the  poison  introduced.  Ojeira 
did  not  have  a  chill  or  other  manifestations  of  a  malarial  paroxysm 
other  than  a  rise  of  temperature  and  nausea.  He  vomited  gastric 
mucus  several  times. 

"  On  November  lOth,  the  4th  day  following  the  injection,  Ojeira 
had  a  typical  malarial  paroxysm,  with  tertian  parasites  in  his  peripheral 
blood.    He  suSered  with  a  double  infection,  having  a  chill  every  day. 
The  character  of  the  parasites  in  his  blood  and  the  clinical  course  of 
the  disease  resembled  in  all  respects  those  of  Mendez,  from  whom  the 
blood  was  taken.    Both  cases  were  entirely  controlled  by  quinine." 

These  experiments,  which  the  records  show  were  conducted  with 
all  possible  scientific  care  and  precision,  leave  no  doubt  in  the  mind 
as  to  the  existence  in  the  blood  of  a  pyrogenetic  toxin  during  the 
early  stage  of  a  malarial  paroxysm,  and  the  inference  is  strong  that 
this  toxin  is  liberated  from  the  red  blood  cells  at  the  time  the  spores 
are  set  free.  It  is  also  highly  probable  that  the  toxin  is  soluble  in  the 
plasma  of  the  blood,  and  continues  in  solution  in  the  serum  after  this 
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has  been  separated  from  the  plasma  and  blood  corpuscles.  It  would 
seem  that  the  malarial  toxin,  after  disturbing  the  thermot^xic 
mechanism  by  increasing  thermogenesis  and  lessening  thermolysis,  is 
either  eliminated,  or  its  effects  neutralised  by  an  antitoxin  generated  in 
the  blood. 

At  the  initial  stage  of  each  malarial  paroxysm  a  fresh  quantity  of 
toxin  is  liberated  into  the  plasma  and  the  whole  of  the  phenomena  of  a 
paroxysm  commenced. 

It  is  almost  certain  also  that  the  malarial  toxin  is  responsible  for 
at  least  part  of  the  degenerative  changes  met  with  in  the  parenchy- 
matous cells  of  the  spleen,  liver,  kidneys  and  brain  in  cases  of  lasting 
malarial  infection 

So  far  as  one  can  ascertain  the  highly  interesting  experiments 
referred  to  above  have  not  been  repeated.  There  are  unrivalled  faci- 
lities for  conducting  such  experiments  in  this  countrv,  and  one  takes 
this  opportunity  of  suggesting  that  the  work  of  Rosenau,  Pakker, 
Francis  and  Beyer  be  repeated  in  one  or  other  of  the  bacteriological 
laboratories  of  this  country.  With  the  aid  of  an  expert  scientific 
chemist  in  such  an  enquiry,  it  is  highly  probable  that  the  actual  toxin 
or  toxins  of  malarial  blood  would  be  isolated.  Simultaneously  the 
natui'e  of  the  antitoxin  of  malarial  blood  could  be  enquired  into,  and 
Fokd's  work,  previously  referred  to,  re-investigated. 
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